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A B S T R A C T

Background: The aim of this study was to determine the effect of colistin resistance and other predictors
on fatality among patients with Klebsiella pneumoniae bloodstream infections (Kp-BSI) and to describe
the effect of amikacin and tigecycline on the outcome in an OXA-48 dominant country.
Method: This was a retrospective study performed among patients >16 years of age in a tertiary hospital
with 465 beds. All cases had �1 positive blood culture for K. pneumoniae 48 h after admission.
Results: Among 210 patients with Kp-BSI, the 30-day mortality rate after isolation of the microorganism
was 58%. The rate of carbapenem resistance was higher (64% vs. 38%, p < 0.001) and the colistin minimum
inhibitory concentration (MIC) was elevated (7 vs. 4, p < 0.029) among the patients who died. Among the
colistin-resistant K. pneumoniae, the rates of OXA-48, ST101, and NDM-1 were 78%, 67%, and 35%,
respectively. Amikacin was added to the treatment of 13 patients with carbapenem and colistin-resistant
Kp-BSI and 77% survived (p < 0.001). Tigecycline was added to the treatment of 24 patients with
carbapenem and colistin-resistant Kp-BSI, and the 30-day mortality rate was 71% (p = 0.576). In the
multivariate analysis, carbapenem resistance (odds ratio (OR) 5.2, 95% confidence interval (CI) 2.47–10.9,
p < 0.001) and increasing APACHE II score (OR 1.19, 95% CI 1.12–1.26, p < 0.001) were significantly
associated with 30-day mortality. The addition of amikacin to the treatment regimen (OR 0.05, 95% CI
0.01–0.23, p < 0.001) was significantly beneficial.
Conclusions: Carbapenem resistance, increasing MIC of colistin, and the lungs as the source of the
infection were significantly associated with 30-day mortality. The empirical use of combined active
aminoglycosides was found to be beneficial in the treatment of colistin-resistant K. pneumoniae
infections.
© 2019 The Authors. Published by Elsevier Ltd on behalf of International Society for Infectious Diseases.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-

nc-nd/4.0/).
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Introduction

Multidrug-resistant gram-negative bacteria remain the leading
cause of infections worldwide, with a high fatality rate and with
limited treatment options (Aydin et al., 2018; Isler et al., 2019).
Colistin is one of the drugs of choice among the limited options for
carbapenemase-producing Enterobacteriaceae. However, in recent
years, an increasing rate of resistance to colistin among
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Enterobacteriaceae from human and animal sources has been
reported, and the highest rate has been detected among Klebsiella
spp in Asian and Southern European countries (Giamarellou, 2016).
At the end of 2015, a transferable gene (mcr-1) encoded on a
plasmid conferring resistance to colistin was discovered in gram-
negative bacteria in China (Liu et al., 2016), following which a
substantial number of publications appeared reporting a similar
colistin resistance profile and gene in Europe, Africa, and Asia
(Schwarz and Johnson, 2016; Skov and Monnet, 2016).

Although the increasing colistin resistance appears to be a
clinical problem, especially in the countries of Southern Europe
(Giamarellou, 2016), there is controversy in the literature
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regarding its clinical impact on fatality (Olaitan et al., 2016). This
study was performed to describe the effect of colistin resistance on
fatality among patients with Klebsiella pneumoniae blood stream
infections (Kp-BSI). In addition, the effect of combination with
amikacin and tigecycline was examined.

Methods

Study design

This was a retrospective study performed among adult patients
older than 16 years of age in a tertiary hospital with 465 beds,
covering the period January 1, 2011 to September 1, 2017. All
patients had �1 positive blood culture for K. pneumoniae 48 h after
admission. Patients with community-acquired infections, those
who had been transferred and had started therapy before
admission, and all patients <16 years of age were excluded. The
following information was collected using a structured electronic
form: demographic data, source of bacteremia, causative micro-
organisms, antimicrobial resistance, empiric antibiotic therapy,
length of stay in the intensive care unit (ICU), operations
performed within 1 month, time to the first positive blood culture
after admission, mean C-reactive protein (CRP) level, procalcitonin
level, leukocyte count, mean time to appropriate antibiotic
initiation, death rate, and the APACHE II score (Acute Physiology
and Chronic Health Evaluation).

Whether the bacteremia was primary or secondary (urinary,
respiratory, catheter-related, abdominal, skin and soft tissue
infections) was determined in accordance with definitions of
the US Centers for Disease Control and Prevention (CDC).
Appropriate empiric antibiotic therapy was defined as the
administration of an empiric agent within 48 h, which was active
in vitro, based on susceptibility test results.

Microbiological studies

Only the clinically significant (defined according to the CDC
criteria) blood culture isolates were included in the study. The
identification of organisms was conducted using the Vitek 2
automated system (bioMérieux). Antimicrobials in the analysis
included carbapenems (ertapenem, meropenem, and imipenem),
third- and fourth-generation cephalosporins (ceftriaxone, cefta-
zidime, and cefepime), fluoroquinolones (ciprofloxacin),
Table 1
Predictors of 30-day mortality among patients with Klebsiella pneumoniae bloodstream

Survived (n = 89),
n (%)

Female sex 34 (38) 

Mean age (SD) (min–max) 58 (SD 14) (16–86
Comorbidities

Chronic renal failure 7 (8) 

DM 32 (27) 

COPD 7 (8) 

Transplant 2 (2) 

Malignancy 6 (8) 

Mean APACHE score 15 (SD 5.9) 

Mean CRP (normal: <0.3 mg/dL) 12 (SD 11) 

Mean procalcitonin (ng/mL) 14 (SD 26) 

Median leukocyte count (14.227 � 109/L) 14 227 

Median platelet count (227.52 � 109/L) 227 520 

Carbapenem resistance 34 (38) 

Colistin resistance 20 (23) 

Mean colistin MIC 4 

Polymicrobial infection 18 (21) 

Lungs as the source of infection 13 (15) 

SD, standard deviation; DM, diabetes mellitus; COPD, chronic obstructive pulmonary d
protein; MIC, minimum inhibitory concentratio.
aminoglycosides (amikacin and gentamicin), and polymyxin
(colistin). Antibiotic susceptibility was determined by disk
diffusion method or minimum inhibitory concentration (MIC)
tests according to the Clinical and Laboratory Standards Institute
(CLSI) guidelines; resistance was defined according to the CLSI
criteria (2010). Carbapenem resistance was defined as resistance to
any carbapenem. Polymicrobial infection was defined as the
isolation of any bacteria other than Klebsiella, 7 days before and 7
days after the isolation of K. pneumoniae.

Colistin-resistant K. pneumoniae isolates were selected for
molecular studies. The carbapenemase type was detected by
multiplex PCR, as described previously (Poirel et al., 2011).
Multilocus sequence typing was performed according to the
protocol published on the Pasteur Institute website by comparing
seven housekeeping genes (phoE, gapA, rpoB, tonB, inf,mdh,
and pgi) (http://bigsdb.pasteur.fr/klebsiella/klebsiella.html). The
sequence types (ST) were determined using BioNumerics version
7.6 software (Applied Maths).

Statistical analysis

The Student t-test was used for the analysis of continuous
variables and the Chi-square test for categorical variables. For non-
parametric comparisons, the two-sample Wilcoxon rank sum test
(Mann–Whitney test) was used. In the multivariate analysis,
logistic analysis with backward selection was performed for the
predictors of the 30-day mortality rates. Variables included in the
model were carbapenem resistance, colistin resistance, APACHE
score, adding amikacin to the regimen, and the lungs as the source
of infection. Stata version 11 (StataCorp., College Station, TX, USA)
was used for the analysis, and statistical significance was set at
p < 0.05. The Institutional Review Board of Kartal Koşuyolu
Training and Research Hospital approved the study.

Results

The study included 210 patients with Kp-BSI; 182 patients were
in the ICU and 28 patients were on the wards. Comorbidities are
presented in Table 1. The overall mortality rate was 71%, and the
30-day mortality rate after isolation of the microorganism was 58%
(Table 1). The number of patients with polymicrobial isolation was
54. In the univariate analysis, a higher mean APACHE score (23 vs.
15, p < 0.001), higher mean colistin MIC (7 vs. 4, p < 0.029), higher
 infections.

30-day mortality
(n = 121), n (%)

p-Value

60 (50) 0.101
) 61 (SD 15) (16–90) 0.117

15 (12) 0.289
21 (24) 0.614
12 (10) 0.608
4 (3) 0.649
12 (10) 0.417
23 (SD 7.5) <0.001
14 (SD 9) 0.048
21 (SD 29) 0.16
18 369 0.278
150 562 <0.001
77 (64) <0.001
40 (33) 0.103
7 0.029
36 (30) 0.13
33 (31) 0.005

isease; APACHE, Acute Physiology and Chronic Health Evaluation; CRP, C-reactive
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rate of carbapenem resistance (64% vs. 38%, p < 0.001), and higher
percentage of patients with the lungs as the source of infection
were found among those who died compared to those who
survived (Table 1). Among the colistin-resistant K. pneumoniae
strains, OXA-48 was detected in 78% and NDM in 35% of the strains.
The most common ST was ST101 in 67% of colistin-resistant K.
pneumoniae, followed by ST295 (13%), ST147 (8%), and ST395 (8%).

Patients who received empiric colistin therapy had a higher
colistin resistance than those who did not (71% vs. 23%, p < 0.001).
In blood cultures, methicillin-resistant Staphylococcus aureus,
Pseudomonas spp, and Acinetobacter spp were isolated along with
Klebsiella pneumoniae, and no association of their presence with
30-day mortality was observed (p > 0.05). The rate of appropriate
empiric antibiotic initiation was lower in the patients who died
than in the patients who survived (31% vs. 45%, p = 0.034).
Amikacin was added to the treatment of 13 patients with
carbapenem and colistin-resistant Kp-BSI and 77% survived
(p < 0.001). Tigecycline was added to the treatment of 24 patients
with carbapenem and colistin-resistant Kp-BSI, and the 30-day
mortality rate was 71% (p = 0.576). Amikacin was started empiri-
cally for five patients and according to culture results within 7 days
in eight patients. Tigecycline was started empirically for nine
patients and according to culture results for the others, within 3
days after culture.

The multivariate analysis revealed that carbapenem resistance
(odds ratio (OR) 5.2, 95% confidence interval (CI) 2.47–10.9,
p < 0.001) and increasing APACHE score (OR 1.19, 95% CI 1.12–1.26,
p < 0.001) increased the 30-day mortality rate significantly,
whereas the addition of amikacin to the treatment regimen (OR
0.05, 95% CI 0.01–0.23, p < 0.001) decreased the 30-day mortality
rate significantly.

Discussion

Colistin resistance is an emerging problem, especially in the
countries of Southern Europe. Italy (36%) (Capone et al., 2013) and
Greece (14%) (Mavroidi et al., 2016) have the highest rates of
colistin resistance in K. pneumoniae. In Turkey, the prevalence of
colistin resistance increased from 6% in 2013 to 16% in 2014–2015
among Kp-BSI (Ergonul et al., 2016). In this study, the rate of
colistin resistance was 29% among Kp-BSI overall and 53% among
the strains with carbapenem resistance. Previous studies per-
formed in the USA, Italy, and Greece have reported rates of colistin
resistance ranging between 10% and 54.7% among the carbape-
nem-resistant strains (Capone et al., 2013; Daikos et al., 2014;
Gomez-Simmonds et al., 2016; Nguyen et al., 2010; Papadimitriou-
Olivgeris et al., 2017a; Papadimitriou-Olivgeris et al., 2014; Rojas
et al., 2017; Tumbarello et al., 2015; Tumbarello et al., 2012;
Vardakas et al., 2015; Zarkotou et al., 2011).

The overall fatality rate was 71%, and the 30-day mortality rate
after isolation of the microorganism was 58% (Table 1). The 30-day
mortality rate was calculated to be 69% among those with
carbapenem-resistant Kp-BSI; however, previous studies have
reported 30-day mortality rates among those with carbapenem-
Table 2
Multivariate analysis for 30-day mortality among patients with Klebsiella pneumoniae b

Crude analysis 

OR 95% CI p-
Carbapenem resistance 2.8 1.6–4.98 <0
Colistin resistance 1.7 0.89–3.14 0.1
APACHE score 1.19 1.13–1.25 <0
Adding of amikacin to the regimen 0.16 0.04–0.59 0.
Lung as the source of infection 2.7 1.32–5.4 0.

OR, odds ratio; CI, confidence interval; APACHE, Acute Physiology and Chronic Health 
resistant Kp-BSI of 33% to 54.3% (Giacobbe et al., 2015; Hussein
et al., 2013; Nguyen et al., 2010; Papadimitriou-Olivgeris et al.,
2014; Qureshi et al., 2012; Tumbarello et al., 2012). The 30-day
mortality rate among patients with colistin-resistant Kp-BSI was
calculated to be 67%, and recent studies have reported 30 day-
mortality rates ranging from 30.8% to 51% (Giacobbe et al., 2015;
Machuca et al., 2017).

The present study was performed in a region where OXA-48 is
dominant and this was detected in 78% of the K. pneumoniae;
however, the majority of studies have been reported from regions
where KPC is more prevalent. In a previous study, OXA types were
reported to be more fatal among those with bacteremia caused by
Enterobacteriaceae (Gutierrez-Gutierrez et al., 2017). In the present
study, ST101 was also high (67%). A recent study in Turkey reported
that K. pneumoniae with the ST101 clone was associated with
higher mortality (Can et al., 2018).

This study found that an increased mean colistin MIC was
significantly associated with 30-day mortality (MIC 7 vs. 4,
p = 0.029; Table 1). The MIC of colistin increased from 0.5 in
2011 up to 16 in 2017 among the patients who died. Some authors
have indicated an association between colistin resistance and
fatality (Giacobbe et al., 2015; Tumbarello et al., 2015), while others
have reported no significant association (Gomez-Simmonds et al.,
2016; Papadimitriou-Olivgeris et al., 2017b; Sbrana et al., 2013;
Zarkotou et al., 2011). Some studies have reported that pneumonia
as the source of infection is associated with increased fatality
(Giacobbe et al., 2015; Qureshi et al., 2012). In the present study,
pneumonia as the source of infection was associated with fatality
in the univariate analysis (Table 1), but not in the multivariate
analysis (Table 2).

Colistin resistance was higher among the patients who had
received empiric colistin than among the patients who had not
(71% vs. 23%, p < 0.001), and similar findings have been reported
previously (Giacobbe et al., 2015; Papadimitriou-Olivgeris et al.,
2014). However, a recent study reported that the presence of
colistin-resistant bacteria can occur without any prior colistin use
(Olaitan et al., 2016; Rojas et al., 2017).

The detection of carbapenem and colistin resistance urges the
clinician to seek alternative combination therapies. Usually,
despite the resistance, carbapenems, colistin, fluoroquinolones,
tigecycline, and aminoglycosides remain the components of
combination therapy with the expectation of synergistic action.
The beneficial use of different antibiotic combinations remains to
be clarified and there is no standard approach to extensively
resistant or pan-resistant Klebsiella infections. One of the most
significant findings of this study was the detection of the beneficial
effect of adding amikacin to the regimen against colistin-resistant
K. pneumoniae. Therapy with an aminoglycoside alone against
colistin-resistant K. pneumoniae has been reported to be the most
efficacious monotherapy, and therapeutic schemes including an
aminoglycoside and a carbapenem have appeared to be the most
effective combinations (Daikos et al., 2014; Gomez-Simmonds
et al., 2016; Tzouvelekis et al., 2014; Zarkotou et al., 2011).
Tigecycline combinations were not found to be effective.
lood stream infections.

Adjusted analysis (with backward selection)

Value OR 95% CI p-Value
.001 5.2 2.47–10.9 <0.001
05 - - -
.001 1.19 1.12–1.26 <0.001
006 0.05 0.01–0.23 <0.001
025 - - -

Evaluation.
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Recently, novel treatment options such as ceftazidime/avibactam,
meropenem/vaborbactam, ceftolozane/tazobactam, plazomicin, and
eravacycline have become available, providing much-awaited resour-
ces for effectively counteracting some severe multidrug-resistant
gram-negative bacteria infections. However, their optimal use should
be developed in the long term. The treatment of severe multidrug-
resistant gram-negative bacteria infections in critically ill patients in
the near future will require expert and complex clinical reasoning
(Bassetti et al., 2019).

Limitations of this study are the retrospective design and being
performed in a single center of cardiovascular surgery, although
this is an important cardiovascular surgery center. The study was
retrospective but presents data on the OXA-48 type of K.
pneumoniae that were lacking in the literature.

In conclusion, carbapenem resistance, increasing MIC of
colistin, and the lungs as the source of infection were significantly
associated with 30-day mortality. The empirical use of combined
active aminoglycosides should be recommended for colistin-
resistant Klebsiella pneumoniae infections.

Author contributions: Şirin Menekşe: Study design, data
collection, writing; Yasemin Ça�g: study design, data collection;
Mehmet Emirhan Işık: study design, data collection; Suzan Şahin:
study design, data collection; Demet Hacıseyito�glu: data collec-
tion; Fusun Can: data analysis, writing; Onder Ergonul: study
design, data analysis, writing.

Funding

No funding of any kind was received.

Ethical approval

The Institutional Review Board of Kartal Koşuyolu Training and
Research Hospital approved the study.

Informed consent

Not applicable.

Conflict of interest

None to declare.

References

CLSI. Performance standards for Antimicrobial Susceptibility Testing: Twentieth
Informational Supplement. CLSI document M100-S20. Wayne: Clinical and
Laboratory Standards Institute; 2010.

Aydin M, Ergonul O, Azap A, Bilgin H, Aydin G, Cavus SA, et al. Rapid emergence of
colistin resistance and its impact on fatality among healthcare-associated
infections. J Hosp Infect 2018;98(3):260–3.

Bassetti M, Peghin M, Vena A, Giacobbe DR. Treatment of infections due to MDR
gram-negative bacteria. Front Med (Lausanne) 2019;6:74.

Can F, Menekse S, Ispir P, Atac N, Albayrak O, Demir T, Karaaslan DC, Karahan SN,
Kapmaz M, Kurt Azap O, Timurkaynak F, Simsek Yavuz S, Basaran S, Yoruk F,
Azap A, Koculu S, Benzonana N, Lack NA, Gönen M, Ergonul O. Impact of the
ST101 clone on fatality among patients with colistin-resistant Klebsiella
pneumoniae infection. J Antimicrob Chemother 2018;73(5):1235–41, doi:
http://dx.doi.org/10.1093/jac/dkx532.

Capone A, Giannella M, Fortini D, Giordano A, Meledandri M, Ballardini M, et al. High
rate of colistin resistance among patients with carbapenem-resistant Klebsiella
pneumoniae infection accounts for an excess of mortality. Clin Microbiol Infect
2013;19(1):E23–30.

Daikos GL, Tsaousi S, Tzouvelekis LS, Anyfantis I, Psichogiou M, Argyropoulou A,
et al. Carbapenemase-producing Klebsiella pneumoniae bloodstream infec-
tions: lowering mortality by antibiotic combination schemes and the role of
carbapenems. Antimicrob Agents Chemother 2014;58(4):2322–8.

Ergonul O, Aydin M, Azap A, Basaran S, Tekin S, Kaya S, et al. Healthcare-associated
Gram-negative bloodstream infections: antibiotic resistance and predictors of
mortality. J Hosp Infect 2016;94(4):381–5.

Giacobbe DR, Del Bono V, Trecarichi EM, De Rosa FG, Giannella M, Bassetti M, et al.
Risk factors for bloodstream infections due to colistin-resistant KPC-producing
Klebsiella pneumoniae: results from a multicenter case-control-control study.
Clin Microbiol Infect 2015;21(12) 1106 e1-8.

Giamarellou H. Epidemiology of infections caused by polymyxin-resistant
pathogens. Int J Antimicrob Agents 2016;48(6):614–21.

Gomez-Simmonds A, Nelson B, Eiras DP, Loo A, Jenkins SG, Whittier S, et al.
Combination regimens for treatment of carbapenem-resistant klebsiella
pneumoniae bloodstream infections. Antimicrob Agents Chemother 2016;60
(6):3601–7.

Gutierrez-Gutierrez B, Salamanca E, de Cueto M, Hsueh PR, Viale P, Pano-Pardo
JR, et al. Effect of appropriate combination therapy on mortality of patients
with bloodstream infections due to carbapenemase-producing Enter-
obacteriaceae (INCREMENT): a retrospective cohort study. Lancet Infect
Dis 2017;17(7):726–34.

Hussein K, Raz-Pasteur A, Finkelstein R, Neuberger A, Shachor-Meyouhas Y, Oren I, et al.
Impact of carbapenem resistance on the outcome of patients’ hospital-acquired
bacteraemia caused by Klebsiella pneumoniae. J Hosp Infect 2013;83(4):307–13.

Isler B, Keske S, Aksoy M, Azap OK, Yilmaz M, Yavuz SS, et al. Antibiotic
overconsumption and resistance in Turkey. Clin Microbiol Infect 2019;25
(6):651–3, doi:http://dx.doi.org/10.1016/j.cmi.2019.02.024.

Liu YY, Wang Y, Walsh TR, Yi LX, Zhang R, Spencer J, et al. Emergence of plasmid-
mediated colistin resistance mechanism MCR-1 in animals and human beings in
China: a microbiological and molecular biological study. Lancet Infect Dis
2016;16(2):161–8.

Machuca I, Gutierrez-Gutierrez B, Gracia-Ahufinger I, Rivera Espinar F, Cano A,
Guzman-Puche J, et al. Mortality associated with bacteremia due to Colistin-
Resistant Klebsiella pneumoniae with High-Level Meropenem Resistance:
importance of combination therapy without colistin and carbapenems. Anti-
microb Agents Chemother 2017;61(8).

Mavroidi A, Katsiari M, Likousi S, Palla E, Roussou Z, Nikolaou C, et al.
Characterization of ST258 colistin-resistant, blaKPC-Producing Klebsiella
pneumoniae in a Greek Hospital. Microb Drug Resist 2016;22(5):392–8.

Nguyen M, Eschenauer GA, Bryan M, O’Neil K, Furuya EY, Della-Latta P, et al.
Carbapenem-resistant Klebsiella pneumoniae bacteremia: factors correlated
with clinical and microbiologic outcomes. Diagn Microbiol Infect Dis 2010;67
(2):180–4.

Olaitan AO, Morand S, Rolain JM. Emergence of colistin-resistant bacteria in humans
without colistin usage: a new worry and cause for vigilance. Int J Antimicrob
Agents 2016;47(1):1–3.

Papadimitriou-Olivgeris M, Fligou F, Bartzavali C, Zotou A, Spyropoulou A,
Koutsileou K, et al. Carbapenemase-producing Klebsiella pneumoniae blood-
stream infection in critically ill patients: risk factors and predictors of mortality.
Eur J Clin Microbiol Infect Dis 2017a;36(7):1125–31.

Papadimitriou-Olivgeris M, Fligou F, Bartzavali C, Zotou A, Spyropoulou A,
Koutsileou K, et al. Carbapenemase-producing Klebsiella pneumoniae blood-
stream infection in critically ill patients: risk factors and predictors of mortality.
Eur J Clin Microbiol Infect Dis 2017b;36(Jul. (7)):1125–31, doi:http://dx.doi.org/
10.1007/s10096-017-2899-6.

Papadimitriou-Olivgeris M, Marangos M, Christofidou M, Fligou F, Bartzavali C,
Panteli ES, et al. Risk factors for infection and predictors of mortality among
patients with KPC-producing Klebsiella pneumoniae bloodstream infections in
the intensive care unit. Scand J Infect Dis 2014;46(9):642–8.

Poirel L, Walsh TR, Cuvillier V, Nordmann P. Multiplex PCR for detection of acquired
carbapenemase genes. Diagn Microbiol Infect Dis 2011;70(1):119–23.

Qureshi ZA, Paterson DL, Potoski BA, Kilayko MC, Sandovsky G, Sordillo E, et al.
Treatment outcome of bacteremia due to KPC-producing Klebsiella pneumo-
niae: superiority of combination antimicrobial regimens. Antimicrob Agents
Chemother 2012;56(4):2108–13.

Rojas LJ, Salim M, Cober E, Richter SS, Perez F, Salata RA, et al. Colistin resistance in
carbapenem-resistant Klebsiella pneumoniae: laboratory detection and impact
on mortality. Clin Infect Dis 2017;64(6):711–8.

Sbrana F, Malacarne P, Viaggi B, Costanzo S, Leonetti P, Leonildi A, et al. Carbapenem-
sparing antibiotic regimens for infections caused by Klebsiella pneumoniae
carbapenemase-producing K. pneumoniae in intensive care unit. Clin Infect Dis
2013;56(5):697–700.

Schwarz S, Johnson AP. Transferable resistance to colistin: a new but old threat. J
Antimicrob Chemother 2016;71(8):2066–70.

Skov RL, Monnet DL. Plasmid-mediated colistin resistance (mcr-1 gene): three
months later, the story unfolds. Euro Surveill 2016;21(9).

Tumbarello M, Trecarichi EM, De Rosa FG, Giannella M, Giacobbe DR, Bassetti M,
et al. Infections caused by KPC-producing Klebsiella pneumoniae: differences in
therapy and mortality in a multicentre study. J Antimicrob Chemother 2015;70
(7):2133–43.

Tumbarello M, Viale P, Viscoli C, Trecarichi EM, Tumietto F, Marchese A, et al.
Predictors of mortality in bloodstream infections caused by Klebsiella
pneumoniae carbapenemase-producing K. pneumoniae: importance of combi-
nation therapy. Clin Infect Dis 2012;55(7):943–50.

Tzouvelekis LS, Markogiannakis A, Piperaki E, Souli M, Daikos GL. Treating
infections caused by carbapenemase-producing Enterobacteriaceae. Clin
Microbiol Infect 2014;20(9):862–72.

Vardakas KZ, Matthaiou DK, Falagas ME, Antypa E, Koteli A, Antoniadou E.
Characteristics, risk factors and outcomes of carbapenem-resistant Klebsiella
pneumoniae infections in the intensive care unit. J Infect 2015;70(6):592–9.

Zarkotou O, Pournaras S, Tselioti P, Dragoumanos V, Pitiriga V, Ranellou K, et al.
Predictors of mortality in patients with bloodstream infections caused by KPC-
producing Klebsiella pneumoniae and impact of appropriate antimicrobial
treatment. Clin Microbiol Infect 2011;17(12):1798–803.

http://refhub.elsevier.com/S1201-9712(19)30253-X/sbref0005
http://refhub.elsevier.com/S1201-9712(19)30253-X/sbref0005
http://refhub.elsevier.com/S1201-9712(19)30253-X/sbref0005
http://refhub.elsevier.com/S1201-9712(19)30253-X/sbref0010
http://refhub.elsevier.com/S1201-9712(19)30253-X/sbref0010
http://refhub.elsevier.com/S1201-9712(19)30253-X/sbref0010
http://refhub.elsevier.com/S1201-9712(19)30253-X/sbref0015
http://refhub.elsevier.com/S1201-9712(19)30253-X/sbref0015
http://refhub.elsevier.com/S1201-9712(19)30253-X/sbref0020
http://refhub.elsevier.com/S1201-9712(19)30253-X/sbref0020
http://refhub.elsevier.com/S1201-9712(19)30253-X/sbref0020
http://refhub.elsevier.com/S1201-9712(19)30253-X/sbref0020
http://refhub.elsevier.com/S1201-9712(19)30253-X/sbref0020
http://dx.doi.org/10.1093/jac/dkx532
http://refhub.elsevier.com/S1201-9712(19)30253-X/sbref0025
http://refhub.elsevier.com/S1201-9712(19)30253-X/sbref0025
http://refhub.elsevier.com/S1201-9712(19)30253-X/sbref0025
http://refhub.elsevier.com/S1201-9712(19)30253-X/sbref0025
http://refhub.elsevier.com/S1201-9712(19)30253-X/sbref0030
http://refhub.elsevier.com/S1201-9712(19)30253-X/sbref0030
http://refhub.elsevier.com/S1201-9712(19)30253-X/sbref0030
http://refhub.elsevier.com/S1201-9712(19)30253-X/sbref0030
http://refhub.elsevier.com/S1201-9712(19)30253-X/sbref0035
http://refhub.elsevier.com/S1201-9712(19)30253-X/sbref0035
http://refhub.elsevier.com/S1201-9712(19)30253-X/sbref0035
http://refhub.elsevier.com/S1201-9712(19)30253-X/sbref0040
http://refhub.elsevier.com/S1201-9712(19)30253-X/sbref0040
http://refhub.elsevier.com/S1201-9712(19)30253-X/sbref0040
http://refhub.elsevier.com/S1201-9712(19)30253-X/sbref0040
http://refhub.elsevier.com/S1201-9712(19)30253-X/sbref0045
http://refhub.elsevier.com/S1201-9712(19)30253-X/sbref0045
http://refhub.elsevier.com/S1201-9712(19)30253-X/sbref0050
http://refhub.elsevier.com/S1201-9712(19)30253-X/sbref0050
http://refhub.elsevier.com/S1201-9712(19)30253-X/sbref0050
http://refhub.elsevier.com/S1201-9712(19)30253-X/sbref0050
http://refhub.elsevier.com/S1201-9712(19)30253-X/sbref0055
http://refhub.elsevier.com/S1201-9712(19)30253-X/sbref0055
http://refhub.elsevier.com/S1201-9712(19)30253-X/sbref0055
http://refhub.elsevier.com/S1201-9712(19)30253-X/sbref0055
http://refhub.elsevier.com/S1201-9712(19)30253-X/sbref0055
http://refhub.elsevier.com/S1201-9712(19)30253-X/sbref0060
http://refhub.elsevier.com/S1201-9712(19)30253-X/sbref0060
http://refhub.elsevier.com/S1201-9712(19)30253-X/sbref0060
http://refhub.elsevier.com/S1201-9712(19)30253-X/sbref0065
http://refhub.elsevier.com/S1201-9712(19)30253-X/sbref0065
http://refhub.elsevier.com/S1201-9712(19)30253-X/sbref0065
http://refhub.elsevier.com/S1201-9712(19)30253-X/sbref0070
http://refhub.elsevier.com/S1201-9712(19)30253-X/sbref0070
http://refhub.elsevier.com/S1201-9712(19)30253-X/sbref0070
http://refhub.elsevier.com/S1201-9712(19)30253-X/sbref0070
http://refhub.elsevier.com/S1201-9712(19)30253-X/sbref0075
http://refhub.elsevier.com/S1201-9712(19)30253-X/sbref0075
http://refhub.elsevier.com/S1201-9712(19)30253-X/sbref0075
http://refhub.elsevier.com/S1201-9712(19)30253-X/sbref0075
http://refhub.elsevier.com/S1201-9712(19)30253-X/sbref0075
http://refhub.elsevier.com/S1201-9712(19)30253-X/sbref0080
http://refhub.elsevier.com/S1201-9712(19)30253-X/sbref0080
http://refhub.elsevier.com/S1201-9712(19)30253-X/sbref0080
http://refhub.elsevier.com/S1201-9712(19)30253-X/sbref0085
http://refhub.elsevier.com/S1201-9712(19)30253-X/sbref0085
http://refhub.elsevier.com/S1201-9712(19)30253-X/sbref0085
http://refhub.elsevier.com/S1201-9712(19)30253-X/sbref0085
http://refhub.elsevier.com/S1201-9712(19)30253-X/sbref0090
http://refhub.elsevier.com/S1201-9712(19)30253-X/sbref0090
http://refhub.elsevier.com/S1201-9712(19)30253-X/sbref0090
http://refhub.elsevier.com/S1201-9712(19)30253-X/sbref0095
http://refhub.elsevier.com/S1201-9712(19)30253-X/sbref0095
http://refhub.elsevier.com/S1201-9712(19)30253-X/sbref0095
http://refhub.elsevier.com/S1201-9712(19)30253-X/sbref0095
http://refhub.elsevier.com/S1201-9712(19)30253-X/sbref0100
http://refhub.elsevier.com/S1201-9712(19)30253-X/sbref0100
http://refhub.elsevier.com/S1201-9712(19)30253-X/sbref0100
http://refhub.elsevier.com/S1201-9712(19)30253-X/sbref0100
http://dx.doi.org/10.1007/s10096-017-2899-6
http://refhub.elsevier.com/S1201-9712(19)30253-X/sbref0105
http://refhub.elsevier.com/S1201-9712(19)30253-X/sbref0105
http://refhub.elsevier.com/S1201-9712(19)30253-X/sbref0105
http://refhub.elsevier.com/S1201-9712(19)30253-X/sbref0105
http://refhub.elsevier.com/S1201-9712(19)30253-X/sbref0110
http://refhub.elsevier.com/S1201-9712(19)30253-X/sbref0110
http://refhub.elsevier.com/S1201-9712(19)30253-X/sbref0115
http://refhub.elsevier.com/S1201-9712(19)30253-X/sbref0115
http://refhub.elsevier.com/S1201-9712(19)30253-X/sbref0115
http://refhub.elsevier.com/S1201-9712(19)30253-X/sbref0115
http://refhub.elsevier.com/S1201-9712(19)30253-X/sbref0120
http://refhub.elsevier.com/S1201-9712(19)30253-X/sbref0120
http://refhub.elsevier.com/S1201-9712(19)30253-X/sbref0120
http://refhub.elsevier.com/S1201-9712(19)30253-X/sbref0125
http://refhub.elsevier.com/S1201-9712(19)30253-X/sbref0125
http://refhub.elsevier.com/S1201-9712(19)30253-X/sbref0125
http://refhub.elsevier.com/S1201-9712(19)30253-X/sbref0125
http://refhub.elsevier.com/S1201-9712(19)30253-X/sbref0130
http://refhub.elsevier.com/S1201-9712(19)30253-X/sbref0130
http://refhub.elsevier.com/S1201-9712(19)30253-X/sbref0135
http://refhub.elsevier.com/S1201-9712(19)30253-X/sbref0135
http://refhub.elsevier.com/S1201-9712(19)30253-X/sbref0140
http://refhub.elsevier.com/S1201-9712(19)30253-X/sbref0140
http://refhub.elsevier.com/S1201-9712(19)30253-X/sbref0140
http://refhub.elsevier.com/S1201-9712(19)30253-X/sbref0140
http://refhub.elsevier.com/S1201-9712(19)30253-X/sbref0145
http://refhub.elsevier.com/S1201-9712(19)30253-X/sbref0145
http://refhub.elsevier.com/S1201-9712(19)30253-X/sbref0145
http://refhub.elsevier.com/S1201-9712(19)30253-X/sbref0145
http://refhub.elsevier.com/S1201-9712(19)30253-X/sbref0150
http://refhub.elsevier.com/S1201-9712(19)30253-X/sbref0150
http://refhub.elsevier.com/S1201-9712(19)30253-X/sbref0150
http://refhub.elsevier.com/S1201-9712(19)30253-X/sbref0155
http://refhub.elsevier.com/S1201-9712(19)30253-X/sbref0155
http://refhub.elsevier.com/S1201-9712(19)30253-X/sbref0155
http://refhub.elsevier.com/S1201-9712(19)30253-X/sbref0160
http://refhub.elsevier.com/S1201-9712(19)30253-X/sbref0160
http://refhub.elsevier.com/S1201-9712(19)30253-X/sbref0160
http://refhub.elsevier.com/S1201-9712(19)30253-X/sbref0160

	The effect of colistin resistance and other predictors on fatality among patients with bloodstream infections due to Klebs...
	Introduction
	Methods
	Study design
	Microbiological studies
	Statistical analysis

	Results
	Discussion
	Funding
	Ethical approval
	Informed consent
	Conflict of interest
	References


