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Carbapenem-resistant Klebsiella pneumoniae (CRKP) has been known as a nosocomial pathogen, both for the last 
10 years in Turkey and for 20 years worldwide. Due to limited treatment options and high mortality rates, despite 
improvements in the field of medicine at the present time, CRKP is still a big threat for public health. This study 
was carried out between the dates of January 2010 and September 2014. Patients ≥18 who were hospitalized 
for at least 72 h and who also had CRKP growth were included in the study as a case group. In the same period 
patients, who were hospitalized in the same ward and did not have CRKP growth were selected as the control 
group. It was determined that no glycopeptides and steroids use nor tracheostomy as protective factors would 
be employed in terms of non-development of CRKP. Mechanical ventilation, tracheostomy, urinary catheter 
presence, central venous catheterization, nasogastric tube placement, advanced age, acute renal insufficiency, 
total parenteral nutrition, carbapenem, glycopeptide, and piperacillin tazobactam were all detected as risk factors in 
terms of CRKP infection development. As a result, rational usage of antibiotics for preventing infections developing 
with CRKP should be targeted.
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Introduction
Infections developing with resistant micro-organisms 
have become a major problem threatening community 
health care, especially in recent years.1 Faced with the 
extended spectrum beta-lactamase (ESBL) problem in the 
1990s, carbapenemases, producing Enterobacteriaceae 
became the current issue in the later 1990s and early 
2000s. CRKP isolates were identified for the first time 
in North Carolina in 1996.2 Identification was started 
in our country in the years of 2000.3 CRKP has a great 
role in the common appearance of carbapenem-resistant 
Enterobacteriaceae.4 In the infections effects of the dis-
ease, CRKP progresses directly, and increases the length 
of hospital stay, cost, and mortality.5,6 Mortality may be 
decreased in such kind of infections with the early deter-
mination of risk factors. If we detect high-risk patients 
early, we can administer empiric antibiotic treatment 
which covers possible resistant pathogens. Besides this, 
we can prevent the spread of micro-organisms through the 
hospital by rational use of antibiotics and taking infection 
control measures.7,8

We aimed to determine risk factors and mortality in 
patients infected with CRKP by comparing with a control 
group.

Materials and methods
This study was carried out between January 2010 and 
September 2014. Patients, who were hospitalized at least 72 
h in the hospital, were ≥18 years, and had CRKP growth in 
microbiological culture were included in the study. All the 
isolates were accepted as a causative agent by an infectious 
diseases specialist, and antibiotic therapy against CRKP 
was given. The study was organized as a case-control 
study. A control group was selected among patients who 
were hospitalized at least 72 h in the same wards and 
period with the cases. The control group had no CRKP 
growth from clinical samples. For each case, at least one 
control patient was determined: 95 cases and 100 controls 
were included in the study. The only inclusion criteria for 
control group members were being in the same ward in the 
same period as the CRKP patients. Minimum inhibitory 
concentrations of antibiotics were determined by E-test. 
CLSI breakpoints were used. We did not perform routine 
surveillance sampling, either in case or control groups.

The medical records of patients were obtained 
from the database of the hospital. The demographic 
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characteristics of the patients (age, gender), symptoms 
and clinical findings, comorbid conditions, performed 
invasive procedures, central venous catheter (CVC), 
urinary catheterization, nasogastric (NG) catheter, tra-
cheostomy and endotracheal intubation, emergency or 
elective surgery history, special treatments (corticoster-
oids, chemotherapy, blood products), staying in the inten-
sive care unit (ICU), staying in the hospital within the last 
three months, history of transferring from another hos-
pital, positive sample source, and antibiotic therapy use 
by the patients were assessed. Peripheral blood, catheter, 
cerebrospinal fluid, sputum, tracheal aspirates, urine, and 
pleural fluid cultures were taken in accordance with the 
localization of the infection.

The presence of another bacterial growth simultane-
ously with CRKP, length of hospital as well as ICU stay, 
duration of stay in mechanical ventilator (MV), and medi-
cal prognosis of the patients were assessed retrospectively. 
As the control group was selected randomly, it included 
patients not having growth in their culture as well.

Data analysis was conducted in the SPSS Statistics 21.0 
package program for Windows. Results were submitted 
in the form of frequency, percentage, median (minimum–
maximum), and arithmetic mean  ±  standard deviation. 
For the categorical variables, the Pearson chi-square 
continuity correction and Fisher’s exact test analyses 
were used. Normality tests of non-categorical variables 
were performed with the Kolmogorow–Smirnov test. For 
group comparisons, two sample t-tests independent from 
parametric methods and the Mann–Whitney U test from 
non-parametric methods were used. Factors having effect 
on prognosis were investigated by binary logistic regres-
sion analysis.

As a result of univariate statistical analyses, variables 
showing significant differences among case and control 
groups were included in a multivariate logistic regression 
model, where values of. p < 0.05 were considered statisti-
cally significant. The local ethical approval was obtained 
from the Ondokuz Mayis University School of Medicine.

Results
In the case group, 63 of 93 patients (66.3%) were male, 
as compared to 62 of 100 patients (62%) in the control 
group. The mean age of case and control group patients 
was 66 (19–94 years) and 58 (21–87 years), respectively. 
The groups were similar in terms of age and gender 
(p < 0.05). The number of cases increased each year 
between the years 2010–2014.

Positive blood culture results received from the cath-
eter were found to be more frequent for the case group 
than the control group (p < 0.05) (Table 1). In terms of 
comorbid conditions, no significant difference was found 
among the groups, other than acute renal insufficiency 
(ARI) (p < 0.05). Diarrhea was much more frequent in 
patients having CRKP growth (p < 0.05). Interventions 
made within the period of hospitalization of the patients 
are given in Table 2.

It was detected that a history of hospitalization was 
much more frequent in patients having CRKP growth 
when staying of patients in a nursing home, transferring 
from another hospital, hospitalization history in hospital, 
and need of ICU was compared (p < 0.05). In the case 
group, 80 patients (84.2%) had history of urinary cathe-
ter placement (p < 0.05) (Table 2). The number of days 
for patients with mechanical ventilation (when patients 
depended on mechanical ventilation) was an average of 
22.9 ± 19.9 days in the case group, and 7.6 ± 7.6 days in 
the control group (p = 0.001). While the length of hospital 
stay was 31 days (4–160 days) until growth was detected 
in the case group, the total length of hospitalization was 
16 days (4–150 days) in the control group (p < 0.001). The 
length of stay in ICU was 25.7 ± 23.6 in the case group, 
and 13.3 ± 11.8 days in the control group (p < 0.05).

In the case group, 87 patients (91.6%) had a history 
of antibiotic use, as compared to 82 patients (82%) in 
the control group (p  =  0.079). Carbapenem (47/28, 
p < 0.05), glycopeptide (40/9, p < 0.001), colistin (15/5, 
p < 0.05), and piperacillin tazobactam (39/21, p < 0.05) 
use was much more common in the case group in com-
parison to the control group. Other antibiotics used 
were fluoroquinolones, daptomycin, aminoglycosides, 
cephalosporins, ampicillin + sulbactam, linezolid, trimeth-
oprim + sulfamethoxazole (TMP-SMX), metronidazole, 

Graph 1  Distribution of cases according to the years

Table 1  Distribution of the positive culture results accord-
ing to clinical samples

Sampling

Case Control

n: 95(%) n: 100 (%)

Blood culture 32 (33.7) 24 (24)
Blood culture from catheter 11 (11.6) 3 (3)
Cerebrospinal fluid culture 0 1 (1)
Tracheal aspirate culture 13 (13.7) 6 (6)
Urine culture 8 (8.4) 14 (14)
Urine culture (catheter) 27 (28.4) 25 (25)
Exudate culture 13 (13.7) 11 (11)
Sputum culture 2 (2.1) 1 (1)
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fosfomycin, tigecycline, rifampicin, and clarithromycin. 
In 27 of 95 patients (28.4%) involved in the case group, 
another bacterial infection was detected simultaneously 
with CRKP. Eleven out of 95 cases were discharged with 
recovery, 16 patients died. We found no relationship 
between mortality and the presence of simultaneous bac-
terial infection in the case group (p > 0.05).

As a result of univariate statistical analyses, p < 0.05 
variables determined as risk factors for CRKP develop-
ment were: ARI, steroids, diarrhea, need of mechanical 
ventilation support, tracheostomy presence, urinary cath-
eter, CVC or invasive device use, NG, emergency oper-
ation, use of blood products, total parenteral nutrition 
(TPN), hospitalization history in the hospital, carbape-
nem, glycopeptide, colistin and piperacillin tazobactam 
use, and a multiple univariate logistic regression model. It 
was found that non-use of glycopeptide (Odds ratio: 0.143; 
%95 Confidence interval: 0.031–0.674; p < 0.05), non-use 
of steroids (Odds ratio: 0.244; %95 Confidence interval: 
0.072–0.822; p < 0.05) and the absence of tracheostomy 
(Odds ratio: 0.06; %95 Confidence interval: 0.006–0.614; 
p < 0.05) were protective factors in terms of non-develop-
ment of CRKP infection. A total of 47.4% of the patients 
in the case group and 18% of the patients in the control 
group died (p < 0.001).

Discussion
CRKP has an important place among nosocomial agents, 
particularly in recent years. CRKP causes a nosocomial 
infection because it lives and spreads easily around the 

hospital environment, and acquires resistance against 
antibiotics.9,10

As the carbapenem resistance in the Enterobacteriaceae 
family was elevating from 1 to 4%, CRKP rate elevated 
from 2 to 10% between the years 2001 and 2011. In this 
study, the CRKP rate has increased significantly in recent 
years and has reached 66.9% in 2014, despite the fact that 
it was only 3.2% in 2010.

In this study, factors such as hospital-stay history, 
mechanical ventilation, tracheostomy, urinary catheter 
presence, CVC, NG placement, advanced age, acute renal 
failure, TPN, and use of antibiotics (carbapenem, glyco-
peptide, piperacillin tazobactam) were all determined as 
risk factors for CRKP development. On the other hand, 
non-use of glycopeptide and steroids, and the absence 
of tracheostomy prevented the development of CRKP. 
Similar factors have been defined as risk factors for CRKP 
infection/colonization in the literature11–14.

In the previous studies, most of the control groups had 
been selected from patients who were infected with car-
bapenem-sensitive K. pneumoniae isolates. However, this 
may cause bias. The risk factors may reflect the protective 
factors for the carbapenem-susceptible isolates rather than 
real risk factors for the CRKP.15–18 In order to eliminate 
the bias, our control group was randomly selected from 
patients with no CRKP growth.

Mortality rate was between 24–65% in patients infected 
with CRKP. Carbapenem resistance has been defined as 
an independent risk factor for mortality.19–21 The mortal-
ity rate (47.4%) was found to be significantly higher in 
patients with CRKP growth (p < 0.001). Mortality was 
higher in the case group due to underlying diseases of the 
patients, the limited treatment options, long length of stay 
in hospital, a growing number of procedures, and how 
closely these conditions were related to each other. The 
CRKP-associated mortality rate was compatible with pre-
vious studies, which were also over 40%.22, 23 In this study, 
non-use of steroids was detected as a protective factor in 
terms of CRKP development (Odds ratio: 0.244; %95; CI: 
0.072–0.822; p < 0.05). However, in contrast to our study, 
Bremmer et al.24 demonstrated that systemic steroids use 
is not a risk factor for CRKP development. It has been 
thought that different results may arise from the selection 
of the patient population. The commonly used antibiot-
ics for nosocomial infections, such as antipseudomonal 
penicillins, carbapenems, glycopeptides, and colistin were 
determined as risk factors for the development of CRKP 
infection.12,25–30 However Kofteridis et al.31 did not find 
any relationship between CRKP and antimicrobial treat-
ment. The use of carbapenem (p  <  0.05), glycopeptide 
(p < 0.001), piperacillin tazobactam (p < 0.05) and colistin 
(p < 0.05) was determined as the risk factor in patients.

Due to the huge number of patients, smaller health-
care staff, invasive procedures, frequent wide-spectrum 
antimicrobial use, and horizontal transmission of clonal 
strains are all critical factors for the spread of antibiotic 

Table 2  Interventions applied to the patients

ERCP: Endoscopic retrograde cholangiopancreatography, TPN: 
Total parenteral nutrition, NG: Nasogastric Tube.

Variables 

Case group Control group

P valueN = 95 (%) N = 100 (%)

Mechanical ventilation 39 (41.1) 23 (23) <0.05
Tracheostomy 18 (18.9) 3 (3) <0.001
Colostomy 6 (6.3) 7 (7) 1.0
Urinary catheter 
presence

80 (84.2) 65 (65) <0.05

Cystostomy 1 (1.1) 2 (2) 1.0
Nephrostomy 5 (5.3) 4 (4) 0.74
Nasogastric tube 
presence

52 (54.7) 23 (23) <0.001

Central venous 
catheter

62 (65.3) 33 (33) <0.001

History of operations 38 (40) 33 (33) 0.3
History of emergency 
operations

13 (35.1) 4 (12.1) <0.05

Chest drain 8 (8.4) 2 (2) 0.054
Drain 24 (25.3) 18 (18) 0.29
Gastrostomy 6 (6.3) 2 (2) 0.16
Bronchoscopy 2 (2.1) 1 (1) 0.61
Endoscopy/colonos-
copy

12 (12.6) 10 (10) 0.72

Hemodialysis 10 (10.5) 9 (9) 0.90
Bedside debridement 15 (15.8) 16 (16) 1.0
Ventricular drainage 4 (4.2) 0 0.055
Bone marrow biopsy 15 (15.8) 11 (11) 0.44
ERCP 5 (5.3) 3 (3) 0.48
TPN 29 (30.5) 14 (14) <0.05
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resistance.32,33 The length of hospital (particularly ICU) 
stay is closely related to CRKP colonization and infection 
risk increases as the patient stays longer in the ICU. As a 
matter of fact, 75% of the patients have been determined to 
be colonized with Klebsiella pneumoniae Carbapenemase 
(KPC) during the ICU stay.34 There was no statistically 
significant difference for the need care in the ICU between 
the two groups. The ICU stay was not identified as a risk 
factor in terms of CRKP infection because we selected 
similar numbers of case and control groups from the medi-
cal and surgical units and also ICUs. Patients in ICUs stay 
longer, use mechanical ventilation, the longer duration of 
exposure to risk factors such as NG, CVC, catheter, and 
potential risk for widely spectrum antibiotic use due to 
the increased length of ICU. The length of hospital stay 
(p < 0.001), ICU stay (p < 0.05) and prolonged duration 
of mechanical ventilation stay have been found as risk 
factors in terms of the development of CRKP (p < 0.001).

Longer length of hospital and also ICU stay, mechani-
cal ventilation, the presence of tracheostomy, emergency 
surgical intervention, presence of urinary catheter, and NG 
placement are basic risk factors determined in this study 
for the development of CRKP infection, and indications 
of invasive procedures should be assessed in the light of 
those specified. If NG or urinary catheter is nonessential, 
it should be removed. As soon as the patient’s need for 
ICU ends, active surveillance should be performed. Pre-
emptive contact isolation precautions should be taken in 
patients with high colonization/infection risk of CRKP. 
According to hospital conditions, for patients with positive 
CRKP, cohort region should be constituted and cohort for 
patient and staff should be performed. Staff training is 
one of the most important measures for prevention and 
control of infections that are connected to each other ‘like 
dominoes.’ For this reason, the staff should be informed, 
and its interests should be kept alive and supervised by 
recurrent trainings.

Consequently, hospital-based policies should be devel-
oped in order to minimize infections caused by CRKP. 
Use of unnecessary antibiotics, notably carbapenems and 
glycopeptides should be avoided as in this study.
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