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ABSTRACT

In recent years, colistin has been the drug of choice for treatment of nosocomial infections, especially in
bloodstream infections, lower respiratory tract infections, or urinary tract infections. In this study, 65
multidrug-resistant Klebsiella pneumoniae isolated from different clinical samples were included.
Minimum inhibitory concentration (MIC) of colistin was detected by broth microdilution method in
three different ways. For selected K. pneumoniae strains, eazyplex SuperBug mcr-1 test was performed.
This test detects mcr-1 gene, which encodes a colistin-resistance determinant. Most of the analyzed K.
pneumoniae strains were resistant to colistin in all applied methods. The exception was two strains, where
MIC of colistin was 2 mg/L in SensiTest Colistin and MIC-Strip Colistin tests. In MIC COL test, MIC for
these strains was 4 mg/L. All analyzed strains produced extended-spectrum beta-lactamases and
11 (16.9%) metallo-beta-lactamases. Eleven (16.9%) K. pneumoniae strains were resistant to all
antibiotics, whereas 17 (26.1%) were susceptible to only one drug. Colistin MIC values varied from
2 to >64 mg/L in MIC-Strip Colistin test; from 2 to >16 mg/L in SensiTest Colistin and from
4 to >16 mg/L in MIC COL test. None of the analyzed K. pneumoniae strains carried mcr-1 gene.
Data of this work suggest that resistance to colistin emerged among multidrug-resistant K. pneumoniae
strains. The tests allowed for reliable estimation of susceptibility to colistin and could be used in
microbiological diagnostics.
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INTRODUCTION

Klebsiella spp. are among frequent bacteria causing hospital infections. These bacteria easily
acquire resistance to antibiotics, and one strain can produce several mechanisms of resistance;
therefore, colistin often remains as the only therapeutic option. The most common
mechanism of antibiotic resistance in Klebsiella pneumoniae is the production of the
extended-spectrum beta-lactamases (ESBLs). The first ESBL-positive strain was detected
more than 30 years ago, but these enzymes and their constant evolution remain a significant
therapeutic problem. In Poland, ESBLs range from 40% to 70% depending on the regional
location, type of ward/hospital, and species of bacteria [Żabicka, unpublished data]. In our
hospital, above 60% of the K. pneumoniae strains produced ESBLs. In the past years, strains
producing carbapenemases were more often isolated. In Poland, the predominant carbape-
nemases are NDM and VIM. According to the data of the European Antimicrobial Resistance
Surveillance System [1] in Poland, the percentage of K. pneumoniae strains resistant to
carbapenems increased from 1%–5% in 2015 to 5%–<10% in 2017. In our hospital, 2%–3% of
the K. pneumoniae strains produced carbapenemases. Strains producing carbapenemases are
often susceptible only to colistin. At present, in Poland, Enterobacteriaceae strains resistant to
colistin are rarely 1%–2% (Żabicka, unpublished data).

Colistin was discovered in 1940s. This drug is a polycationic antibiotic peptide and is active
only against Gram-negative rods. Because of neurotoxicity and nephrotoxicity, it was not used
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in treatment of infections, but irrational use of common
antibiotics and more frequent emergence of carbapenem-
resistant strains have made it the most frequent use of drug as
last choice. Colistin resistance may result from chromosomal
mutations that cause change in the external lipopolysaccharide
(modification of lipid A). This modification decreases the
negative charge of the outer membrane, reducing its
interaction with colistin [2]. In K. pneumoniae strains, resis-
tant to colistin chromosomal mutations occurs in the mgrB
(deactivation of lipid A), pmrE pbgP, pmrC, pagP (neutraliza-
tion of lipid A), pmrB (overexpression of lipid A),
lpxM (maturation of lipid A), phoP/phoQ, pmrA, pmrC,
and crrABC genes [3–5]. The most common chromosomal
gene mutations occur in mgrB [6]. Colistin resistance could
be associated with horizontal transfer of the mcr gene.
The mcr gene was discovered in China in E. coli and
K. pneumoniae strains isolated from human and animals
[7]. The resistance associated with the mcr gene is mainly
plasmid coded. At present, it is estimated that themcr gene is
present in eight variants from mcr-1 to mcr-8, but the mcr-1
is the most predominant gene [6, 8–11]. The mcr-1 gene
encodes a phosphoethanolamine transferase enzyme family
and modifies lipid A [5]. Other strategies for colistin resis-
tance include the utilization of an efflux pump AcrAB and
capsule synthesis [4, 12]. Capsule polysaccharides may mask
charged molecules on the outer membrane and an increased
expression of efflux pumps AcrAB-TolC and KpnEF confers
colistin resistance [5]. In turn, Helander et al. [13] observed a
greater degree of acylation in K. pneumoniae strains resistant
to colistin.

Thus, the aim of this study was to evaluate and compare
selected methods of resistance to colistin of K. pneumoniae
strains.

MATERIALS AND METHODS

Strain collection

Strains were collected within 4 months in 2017 from
patients in Dr. A. Jurasz University Hospital in Bydgoszcz
(Poland). During this period, 321 K. pneumoniae strains
were isolated, of which 65 (20.2%) were resistant to colistin.
The study included 65 non-replicate K. pneumoniae strains
isolated from clinical samples. The analyzed strains were
isolated from different specimens: bronchoalveolar lavage
(21), blood (16), wound swabs (8), urine (8), and bioma-
terials (2). Ten (15.4%) strains were isolated from coloni-
zation: rectal swabs, throat swabs, and stool. The multidrug
resistance strains were selected for this study. Eighteen
(27.7%) patients from whom K. pneumoniae strains had
been isolated were treated with colistin. Fifteen (23.0%)
patients were not treated with antibiotics. The strains
were identified by matrix-assisted laser desorption ioniza-
tion–time of flight mass spectrometry (Bruker, Billerica,
USA). The susceptibility to antibiotics was tested by
automated method in Phoenix system using NMIC-402 cart
(Becton-Dickinson, New Jersey, USA).

Phenotypic detection of beta-lactam resistance

A double disk synergy test was performed for K. pneumoniae
strains to detect ESBLs [14]. The ability to produce
metallo-beta-lactamases (MBLs) was determined by Carba
NP test [15] and double disk synergy test with ethylenedia-
minetetraacetic acid. Both tests were performed in accor-
dance with the recommendations of National Centre for
Susceptibility Testing [16].

Phenotypic detection of colistin resistance

Minimum inhibitory concentration (MIC) of colistin was
determined by microdilution method applying three
different tests: SensiTest Colistin (Liofilchem, Via Scozia,
Italy) [17–19], MIC-Strip (Merlin, Berlin, Germany) [18, 19],
and MIC COL (Diagnostics, Brno, Czech Republic) [19, 20].
Colistin MICs ranged from 0.25 to 16 mg/L in SensiTest
Colistin and MIC COL tests and from 0.0625 to 64 mg/L in
MIC-Strip test.

Molecular detection of colistin resistance

For selected strains, eazyplex® SuperBug CRE test (Amplex
Diagnostics, Gars AM Inn, Germany) was carried out. This
test is based on the loop mediated isothermal amplification
method (LAMP), and can detect gene encoding resistance to
colistin associated with mcr-1 gene [18].

Escherichia coli NCTC 13440 (colistin-resistant, mcr-1
positive) was used as positive control strain.

RESULTS

All analyzed K. pneumoniae strains produced ESBL. Eleven
(16.9%) K. pneumoniae strains produced MBLs. These
strains were resistant to all antibiotics. Seventeen (26.1%)
strains were susceptible only to one drug, tigecycline,
imipenem, or gentamicin. Twenty-two (33.9%) strains were
susceptible to carbapenems (imipenem and meropenem).
The results of susceptibility to selected antibiotics are pre-
sented in Table I. Other K. pneumoniae strains were suscep-
tible to imipenem, meropenem, and tigecycline. Among
analyzed K. pneumoniae strains MIC50 was 16 mg/L, and
MIC90 was 16 mg/L in SensiTest Colistin and MIC COL tests,
respectively. In MIC-Strip test, value of MIC50 was 16 mg/L
and MIC90 was 32 mg/L. MICs for colistin in SensiTest
Colistin ranged from 2 to >16 mg/L; in MIC-Strip test from
1 to >64 mg/L, and in MIC COL from 4 to >16 mg/L. The
results of colistin MICs are presented in Table II. The MIC
values for colistin were highest for strains isolated from
patients treated with this drug.

DISCUSSION

In recent years, strains resistant to all available drugs have
been increasingly isolated. This is due to the excessive and
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uncontrolled use of antibiotics, but also the high epidemic
potential of multidrug-resistant strains. Since the discovery
of the first K. pneumoniae ESBL-positive strain in 1983,
resistance to subsequent antibiotics has progressed quickly.
In particular, the emergence of carbapenem-resistant strains
made this situation even worrisome; therefore, therapy
options returned to “old-fashion” drugs.

Colistin was isolated from Paenibacillus polymyxa subsp.
colistinus in 1947 [21]. For many years, it was discontinued in
clinical practice due to its high toxicity. In the era of
multidrug resistance, however, a return to its use is observed.
Therefore, the appearance of colistin-resistant strains is
disturbing, because there are no effective antibacterial thera-
pies available.

The incidence of acquired colistin-resistant strains
among Enterobacteriaceae varies widely and ranges from
1% [22] to 15.9% [20]. Qamar et al. [20], when assessing the
MIC of colistin against strains of the Enterobacteriaceae

family, obtained MIC50 – 0.5 mg/L and MIC90 – 16 mg/L. K.
pneumoniae strains were accounting for over 50% of the
tested strains. All analyzed strains produced carbapene-
mases. In turn, Galani et al. [23] reported MIC50 – 1 mg/L
and MIC90 > 16 mg/L. They used SensiTest Colistin
(Liofilchem). Obtained results in this test were higher for
MIC50 – 16 mg/L. Bosacka et al. [19] reported categorical
agreements for 96.1% of analyzed Gram-negative strains in
SensiTest colistin (Liofilchem), 94.1% in MIC-Strip (Merlin),
and 93.1% – MIC COL (Diagnostics). In turn, Sekyere [18]
obtained categorical agreements for 89.0%–98.9% of analyzed
Enterobacteriaceae and non-fermenter rods in SensiTest
colistin (Liofilchem) and 91.0% in MIC-Strip (Merlin).
In the presented work, three different tests were applied
using the broth microdilution method for determining the
sensitivity to colistin. At present, this method is recom-
mended by EUCAST. In all tests, the results were similar.
Differences were observed in two strains, where the MIC
values were different, which affected the interpretation.
Sensitive result was obtained in SensiTest Colistin
and MIC-Strip tests (MIC was 2 mg/L) and resistant MIC
COL test (MIC 4 mg/L). The broth microdilution tests are
simple and relatively cheap [18]. At work, almost 28% of
patients were previously treated with colistin, so colistin
therapy is an important risk factor for acquiring resistance
to this drug.

None of the tested strains carried the mcr-1 gene; there-
fore, resistance to colistin was probably related to chromo-
somal mutations. Casselli et al. [24], when estimating the
presence of mcr-1 gene, obtained 8.3% of Enterobacteriaceae
strains. In turn, Sekyere [18] reported 100% sensitivity and
100% specificity using eazyplex® SuperBug CRE test. The
author examined 104 strains of Enterobacteriaceae family.
Eazyplex® SuperBug CRE test is simple to perform and short,
but expensive.

The emergence of multidrug-resistant strains often leads
to difficult choices regarding antibiotic therapy. Limited or
no therapeutic options force the use of drugs with reduced
susceptibility, non-standard combination therapies, or in-
creasing the dose of the drug. Therefore, it is necessary to
monitor the emergence of resistant strains and rapid detec-
tion of resistance to colistin.

Table II. Colistin MIC values of K. pneumoniae strains (n= 65)

Colistin MIC
(mg/L)

No. of K. pneumoniae strains

SensiTest
Colistin

(Liofilchem)
MIC-Strip
(Merlin)

MIC COL
(Diagnostics)

>64 – 13 –

64 – 8 –

32 – 14 –

>16 43 – 27

16 5 16 22

8 10 7 10

4 5 3 6

2 2 4 –

Note: MIC: minimum inhibitory concentration.

Table I. Susceptibility to selected antimicrobials of K. pneumoniae strains (n= 65)

Imipenem Meropenem Gentamicin Tigecycline No. (%) of strains

Susceptible Susceptible Resistant Resistant 22 (33.9)

Susceptible Susceptible Resistant Susceptible 15 (23.1)

Resistant Resistant Resistant Resistant 11 (16.9)

Susceptible Resistant Resistant Resistant 10 (15.4)

Resistant Resistant Resistant Susceptible 4 (6.1)

Resistant Resistant Susceptible Resistant 3 (4.6)
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