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ABSTRACT

Objectives: Kiebsiella pneumoniae is one of the most important multidrug-resistant
microorganisms. Among the infections caused by Carbapenem-resistant Klebsiella
pneumoniae (CRKP), bloodstream infections (BSI) have the highest mortality rate. The
aim of this study was to evaluate the risk factors associated with healthcare-associated
CRKP BSI, mortality rates of K. pneumoniae BSI and the factors affecting mortality in
patients followed in the intensive care unit (ICU).

Material and Methods: This study was designed as a retrospective case-control study.
Patients were divided into two groups according to their carbapenem resistance;
Group 1: Patients with CRKP growth in blood cultures and Group 2: Patients with
carbapenem sensitive K. Pneumoniae (CSKP) growth in blood cultures. Clinical and
demographic characteristics, 14-day and all-cause mortality rates and factors affecting
mortality were compared between the groups.

Results: Rates of having higher body mass index, having DM, ICU admission due to
COVID-19, prior use of carbapenems, a longer ICU stay before the infection were
significantly higher in the CRKP group compared to CSKP group. In multivariate
regression analysis having DM, ICU admission due to COVID-19, prior use of
carbapenems, CRRT in the ICU were risk factors for CRKP BSI. When ICU deaths due
to all causes are evaluated, only infection with CRKP was found to be a risk factor for
ICU mortality.

Conclusions: Detection of CRKP BSI risk factors is important. In our study, the
presence of CRKP BSI was found to be an independent risk factor for mortality in
ICUs.

Keywords: Bloodstream infections, Carbapenem-resistant Klebsiella pneumonia,
Intensive care unit.
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Oz

Amag:  Klebsiella  pneumoniae, en onemli ¢oklu ilaca direncli
mikroorganizmalardan biridir. Karbapenem direncli Klebsiella pneumoniae'nin
(CRKP) neden oldugu enfeksiyonlar arasinda, kan dolasim yolu
enfeksiyonlar1 (KDYE) en yiiksek 6lim oranina sahiptir. Bu calismanin
amaci, saghk bakimiyla iliskili CRKP KDYE ile iligkili risk faktorlerini, K.
pneumoniae KDYE 6lim oranlarmi ve yogun bakim tinitesinde takip edilen
hastalarda mortaliteyi etkileyen faktorleri degerlendirmektir.

Gereg ve Yontem: Bu calisma retrospektif bir vaka-kontrol ¢alismasi olarak
tasarlanmistir. Hastalar karbapenem direnclerine gore iki gruba ayrildi; Grup
1: Kan kiltiirlerinde CRKP tiremesi olan hastalar ve Grup 2: Kan
kiilttirlerinde karbapenem duyarli K. Preumoniae (CSKP) tiremesi olan
hastalar. Gruplar arasinda klinik ve demografik 6zellikler, 14 giinliik ve tiim
nedenlere bagli mortalite oranlar1 ve mortaliteyi etkileyen faktorler
karsilastirildi.

Bulgular: CRKP grubunda daha yiiksek viicut kitle indeksi, DM, COVID-19
nedeniyle yogun bakima yatis, daha o©nce karbapenem kullanimi,
enfeksiyondan once daha uzun siire yogun bakimda kalma oranlart CSKP
grubuna kiyasla anlamli derecede daha yiiksekti. Cok degiskenli regresyon
analizinde DM, COVID-19 nedeniyle yogun bakima yatis, daha once
karbapenem kullanimi, yogun bakimda devaml renal replasman tedavisi
CRKP KDYE i¢in risk faktorleriydi. Tiim nedenlere bagli yogun bakim
oliimleri degerlendirildiginde, yalnizca CRKP enfeksiyonunun yogun bakim
mortalitesi igin bir risk faktorii oldugu bulundu.

Sonug: CRKP KDYE risk faktérlerinin tespiti onemlidir. Calismamizda CRKP
KDYE varligimin yogun bakimlarda mortalite icin bagimsiz bir risk faktorii
oldugu bulundu.

Anahtar Kelimeler: Kan dolasim yolu enfeksiyonu, karbapenem direngli
Klebsiella pneumoniae, yogun bakim tinitesi

Klebsiella  pneumoniae is a member of the
Enterobacteriaceae family and one of the most important
multidrug-resistant ~ microorganisms.
(CRKP) is one of the
microorganisms listed as Priority 1 (critical) in the World
Health Organization's (WHO) priority list for the research

and development of new antibiotics for antibiotic-resistant

Carbapenem-

resistant K. Pneumoniae

bacteria (1). Among the infections caused by CRKP,
bloodstream infections (BSI) have the highest mortality
rate. (2-3). Therefore, determination of the risk factors
causing CRKP BSIs and the factors affecting mortality is
important in terms of improving the results and preventing
modifiable factors. Antibiotic resistance is one of the
biggest growing public health threats and a worldwide
priority. According to recent assessments by the European
Center for Disease Prevention and Control (ECDC) and the
Centers for Disease Control and Prevention (CDC),

antimicrobial resistance was responsible for 670,000 drug-
resistant bacterial infections in the European region in 2020
and 2.8 million antibiotic-resistant infections in the United
States (US) in 2017 (4-5). to WHO's

Antimicrobial resistance surveillance data, the rate of

According

carbapenem resistance in K. pneumoniae strains in Turkey
increased from 32% in 2017 to 49% in 2021 (6). There are
studies in the literature investigating the risk factors of
CRKP infections (3). This study is important because it
evaluated the risk factors associated with healthcare-
associated CRKP BSI, mortality rates of K. pneumoniae BSI
and factors affecting mortality in patients followed up in

the intensive care unit (ICU).
METHODS

This retrospective case-control study was performed in

[zmir Suat Seren Hospital in Turkey.
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Study population and design

Patients older than 18 years with positive blood
cultures for K. pneumonine between January 2017 and
December 2022 were included. A healthcare-associated BSI
was defined as a positive blood culture from a peripheral
vein or a central catheter obtained at least 48 hours after
hospitalization. Clinical signs of bacteremia were
considered to be the presence of at least one of fever, chills
or hypotension.

Study protocol

Patients were divided into two groups according
to their carbapenem resistance; Group 1: Patients with
CRKP growth in blood cultures and Group 2: Patients with
carbapenem sensitive K. pneumoniae (CSKP) growth in
blood cultures. Information on clinical and demographic
characteristics, 14-day and all-cause mortality rates were
evaluated in Group 1 and Group 2. Patients were divided
into survival and death groups according to the prognosis
until hospital discharge and differences in clinical data

between the two groups were compared.
Microbiological Analysis

Blood culture samples were properly collected and
delivered to the laboratory and loaded into the automated
blood culture device (BacTAlert, bioMérieux, Marcy
I'Etoile, France) for incubation, shaking and monitoring
processes. When a positive signal for growth was received,
gram staining was performed for microscopic examination.
At the same time, subcultures from positive bottles were
done into enriched chocolate, eosin methylene blue and 5%
sheep blood agar media and incubated at 37°C for 18-24
hours. Pure colonies were selected from the plates where
growth was detected, and conventional biochemical
methods and automated BD Phoenix system (Becton
Dickinson Instrument Systems, Sparks, USA) were used for
bacterial identification at species level. Drug susceptibility
testing was performed by using both disc diffusion method
and automated BD Phoenix system. The susceptibility
results were evaluated according to the recommendations
of European Committee on Antimicrobial Susceptibility
Testing (EUCAST).

Statistical Analysis

Continuous data were represented by the median
and interquartile range since they were not normally
disturbed. Categorical data were represented by n (%).
Continuous data were compared with Mann-Whithey U
test, and categorical data were compared with Chi-Square
test or Fisher exact test. Multivariate regression analysis
was performed for risk factors associated with the isolation
of CRKP and ICU mortality. The variables that were found
to be associated with isolating CRKP or ICU mortality in
univariate analysis were included in multivariate
regression analysis. A P value <0.05 was considered

statistically significant.
RESULTS

A total of 77 patients were included in the final
analysis; 53 (69%) of them were male, and the median age
was 69 years. Forty-two isolates were CRKP, and 35 isolates
were CSKP. The frequency of DM was significantly higher
in the CRKP group [18/42 (42.9%)] compared to the CSKP
group [3/35 (8.6%)] (p=0.001). Similarly, COVID-19 was
significantly higher in the CRKP group [21/42 (50.0%)]
compared to the CSCP group [4/35 (11.4%)] (p<0.001).
Other comorbid diseases were similar in both groups
(Table-1).
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Table 1. Demographic features and clinical characteristics of patients

All patients CRKP CSKP P value
(n=77) (n=42) (n=35)
Age, median (IQR), years 69 (56 - 73) 69 (58 -73) 67 (44 -75) 0.376
Gender, male, n (%) 53 (68.8) 28 (66.7) 25 (71.4) 0.653
Body Mass Index, median (IQR), kg/m? 24.2 25.1 23.4 0.025
(22.1-27.7) (22.9-29.3) (21.2-25.2)

Coronary artery disease, n (%) 4 (5.2) 3(7.1) 1(2.9) 0.399
Myocardial infarction, n (%) 9 (11.7) 7 (16.7) 2 (5.7) 0.136
COPD, n (%) 25 (32.5) 13 (31.0) 12 (34.3) 0.100
Diabetes mellitus, n (%) 21 (27.3) 18 (42.9) 3 (8.6) 0.001
Solid organ malignancy, n (%) 19 (24.7) 9 (21.4) 10 (28.6) 0.467
COVID-19, n (%) 25 (32.5) 21 (50.0) 4 (11.4) <0.001
APACHE-2, median (IQR) 18 (13 —24) 21 (15-24) 16 (12 -23) 0.118
Invasive mechanical ventilation, n (%) 58 (75.3) 35 (83.3) 23 (65.7) 0.074
Presence of central venous catheter, n (%) 28 (36.4) 12 (28.6) 16 (45.7) 0.119
Use of vasopressor, n (%) 20 (26.0) 14 (33.3) 6(17.1) 0.107
Continue renal replacement therapy, n (%) 19 (24.7) 14 (33.3) 5(14.3) 0.054
Prior antibiotic use, n (%)

Carbapenems 35 (45.5) 26 (61.9) 9 (25.7) 0.001
Broad-spectrum cephalosporins 18 (23.4) 11 (26.2) 7 (20.0) 0.523
Fluroquinolones 13 (16.9) 6 (14.3) 7 (20.0) 0.505
Piperacillin-tazobactam 19 (24.7) 8 (19.0) 11 (31.4) 0.210
Glycopeptides 8 (10.4) 4(9.5) 4 (11.4) 0.758
Antifungals 9(11.7) 5(11.9) 4 (11.4) 0.948
Prior chemotherapy use, n (%) 9 (11.7) 3(7.1) 6 (17.1) 0.174
Length of stay in Intensive Care Unit before 11 (3-23) 14 (5-28) 7 (2-20) 0.033
infection, median (IQR), days

Total length of stay in hospital, median (IQR), days 24 (13 -48) 29 (18 - 51) 21 (9 -45) 0.076
Mortality on day 14, n (%) 23 (29.9) 17 (40.5) 6(17.1) 0.025
Intensive care unit mortality, n %) 52 (67.5) 33 (78.6) 19 (54.3) 0.023

APACHE, Acute Physiology and Chronic Health Evaluation; COVID-19, Coronavirus Disease-19; COPD, Chronic
obstructive pulmonary disease; CRKP, Karbapenem Resistant K. Pneumoniae; CSKP, Carbapenem Sensitive K. Pneumoniae;

IQR, Interquartile Range.
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Higher body mass index [in the CRKPgroup,
median 25.1(IQR 22.9 - 29.3), in the CSKPgroup, median
23.4 (IQR 21.2 — 25.2) p=0.025)], having DM [in the CRKP
group, median 18/42 (%42.9) in the CSKP group, 3/35 (%8.6)
p= 0.01)], ICU admission due to COVID-19 [in the CRKP
group, 21/42 (%50.0) in the CSKP group, 4/35 (%11.4) p<
0.001)], prior use of carbapenems [in the CRKP group,
median 26/42 (%61.9) in the CSKP group, 9/35 (%25.7) p=
0.001)] and a longer ICU stay before the infection [in the
CRKP group, median 24 (IQR 13 - 39), in the CSKP group,

median 10 (IQR 4 - 30) p=0.002)] were found to be
associated with isolating CRKP (Table-1).

Having DM was found to be the most important risk
factor for CRKP in multivariate regression analysis (OR
6.98; 95% CI 1.54-31.87, p=0.012) (Table 2). Other risk
factors for isolating CRKP were, admitted to ICU due to
COVID-19 (OR 4.58; 95% CI1.18 - 17.29, p=0.028), prior use
of carbapenems (OR 3.46; 95% CI 1.08 — 11.10, p=0.036), and
continuous renal replacement therapy (CRRT) during ICU
stay (OR 3.97; 95% CI 1.05 — 15.00, p=0.042) (Table 2).

Table 2. Results of multivariate analysis for Karbapenem Resistant K. Preumoniae

OR 95% CI P Value
Diabetes mellitus 6.98 1.54 -31.87 0.012
COVID-19 4.58 1.18-17.29 0.028
Prior use of Carbapenems 3.46 1.08 - 11.10 0.036
Length of stay in ICU before infection 1.01 0.96 -1.04 0.921
CRRT 3.97 1.05-15.00 0.042
Invasive mechanical ventilation 3.43 0.70 - 16.68 0.127

CI, Confidence Interval; CRRT, Continuous Renal Replacement Therapy; COVID-19, Coronavirus Disease-19;
CRKP, Karbapenem Resistant K. Pneumoniae; ICU, Intensive Care Unit; OR, Odds Ratio.

Considering the analysis of antibiotic regimens,
previous carbapenem use was statistically significantly
higher in the CRKP group compared to the CSKP group (p
=0.001). (Table-1). ICU length of stay before infection was;
median 14 (IQR 25-75: 5 - 28) days in the CRKP group and
median 7 (IQR 25-75: 2 - 20) days in the CSKP group (p =
0.033). Total length of stay in hospital did not differ
between the two groups; median 29 (IQR 25-75: 18 - 51)
days in the CRKP group and 21 (IQR 25-75: 9 - 45) days in
the CSKP group (p=0.076). In terms of mortality, 14-day
mortality (p= 0.025) was significantly higher in the CRKP
group compared to the CSKP group. All-cause ICU
mortality was similarly higher in the CRKP group
(p=0.023).

Fifty-two patients (67%) died during their ICU stay.

Survivors and non-survivors had comparable clinical

characteristics except that non-survivors had higher
APACHE-2 scores (median APACHE-2 score 15 vs. 21,
p=0.023) and a higher number of CRKP isolated in non-
survivors (63% vs. 36%, p=0.023). In multivariate regression
analysis, only infection with CRKP was found to be a risk
factor for ICU mortality (OR 3.46; 95% CI 1.16-10.33,
p=0.026) (Table 3).
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Table 3. Results of multivariate analysis for Intensive Care Unit mortality

OR 95% CI P Value
CRKP 3.46 1.16 -10.33 0.026
Age 1.00 0.96 -1.03 0.969
APACHE-2 1.06 0.99-1.15 0.081
COVID-19 1.04 0.27 -3.97 0.948
CRRT 1.09 0.28 -4.28 0.891
Use of vasopressor 0.95 0.26 -3.48 0.944

APACHE, Acute Physiology and Chronic Health Evaluation; CI, Confidence Interval; COVID-19, Coronavirus Disease-
19; CRRT, Continuous Renal Replacement Therapy; CRKP, Karbapenem Resistant K. Pneumoniae; ICU, Intensive Care

Unit; OR, Odds Ratio.

DISCUSSION

Rates of having higher body mass index, having
DM, ICU admission due to COVID-19, prior use of
carbapenems, a longer ICU stay before the infection were
significantly higher in the CRKP group compared to CSKP
group. In multivariate regression analysis having DM, ICU
admission due to COVID-19, prior use of carbapenems,
CRRT in the ICU were risk factors for CRKP BSI. When ICU
deaths due to all causes are evaluated, only infection with
CRKP was found to be a risk factor for ICU mortality.

In our study, DM was found to be the most
important risk factor. There are studies suggesting that DM
is one of the most important risk factors for CRKP
infections in older adults (7-8). On the contrary, there is also
a study reporting that DM is not a significant risk factor. (9).
Prior use of carbapenems, ICU admission due to COVID-
19, CRRT in the ICU were the other risk factors for CRKP
BSI. In meta-analyses conducted in the literature, previous
exposure to carbapenems and aminoglycosides was
defined as a risk factor for CRKP infections (3,10). In
another meta-analysis, exposure to carbapenems,
quinolones and glycopeptides was defined as a risk factor
for CRKP infections (11).

In our study, CRRT in the ICU was found to be a
risk factor for CRKP BSI. In the literature, there are
publications stating that especially the presence of a central
venous catheter is a defined risk factor for CRKP BSIs (3-

11). In a study including 156 patients with BSI and

evaluating prognostic factors in BSI, it was reported that
CRRT after bacteremia positively affected survival (12).
However, in a retrospective study including 296 patients
with candida/bacterial BSI, CRRT was found to be an
independent risk factor for BSI (13).

In our study, a longer ICU stay before the infection
were significantly more common in the CRKP group than
in the CSKP group. In a retrospective case control study,
the time from ICU hospitalization to the development of
infection was found to be associated with the development
of carbapenem-resistant gram negative bacterial infection
(14).

The COVID-19 pandemic has hampered several
infection prevention and control measures, including hand
hygiene, equipment cleaning, patient isolation, and the use
of personal protective equipment (PPE) (15). A study based
on 2534 patients from a tertiary university hospital found
that patients admitted to COVID-19 settings were at higher
risk of developing BSI compared to other hospital settings,
with the highest risk found in COVID-19 ICUs (16).

A large multicenter study on Health Care-
Associated Infections (HAI) among ICU inpatients in 2020
showed that the overall rate of HAI in the SARS-CoV-2-
infected group in 2020 compared to 2019 was higher than
both the 2019 group and patients not infected with SARS-
CoV-2 in 2020 (17). On the other hand, in a study which
included 1895 patients with positive blood cultures, the
authors found that the frequency of CRKP and E. coli did

not increase (18).
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When all-cause ICU mortality was evaluated in
our study, only infection with CRKP was found to be a risk
factor for ICU mortality. In a retrospective study including
87 patients with CRKP BSI and 321 patients with CSKP BSI,
30-day crude mortality rates were 43.7% in patients with
CRKP BSI and 17.8% in patients with CSKP BSI (p<.001)
(24). CRKP was independently associated with mortality in
BSI (19). In a review study, carbapenem resistance in K.
pneumoniae was among the most common risk factors for
mortality in patients with BSI (20). In a retrospective cohort
study of 252 patients with K. pneumoniae BSI, multivariate
analysis showed that CRKP isolation (OR 2.881, 95% CI
1.228-6.756, p=0.015) were independent risk factors for 28-
day mortality of KP BSI (21).

Conclusion

Higher body mass index, having DM, ICU
admission due to COVID-19, prior use of carbapenems, a
longer ICU stay before the infection were significantly more
common in CRKP group than in the CSKP group. In our
study, having DM was detected as the most important risk
factor. When all-cause ICU mortality was evaluated, only
infection with CRKP was found to be a risk factor for ICU
mortality.

Limitations

The small number of patients included in the study is
one of the main limitations. Other limitations of our study
include the retrospective nature of the study, lack of
information on carbapenemase type and presence since
resistance genes could not be examined, and lack of data on

colonization of patients.
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