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Abstract

Introduction: Nosocomial infections caused by carbapenem-resistant Klebsiella pneumoniae in intensive care units (ICUs) are increasing
worldwide. Morbidity and mortality rates are quite high in these infections due to limited treatment options and various risk factors. We
determined the rate of carbapenem resistance, risk factors for carbapenem resistance, mortality rate, and risk factors associated with mortality
in nosocomial infections in the adult ICU.

Methodology: We reviewed the medical records of nosocomial infected patients retrospectively, according to the surveillance diagnostic criteria
established by the Centers for Diseases Control and Prevention. Bacterial identification and antibiotic susceptibility tests were performed on
the Phoenix 100 system (Becton Dickinson, Sparks, MD, USA). During carbapenemase gene analysis, blaKPC, blaOXA-48, blaNDM-1, and
blaIMP genes were investigated by polymerase chain reaction (PCR). Potential risk factors were statistically analyzed.

Results: Carbapenem resistance was detected in 52/76 of these patients (68.4%). The OXA-48 gene was present in all isolates, and the
combination of OXA4-48 and NDM-1 was found in 40.4% isolates. The overall mortality rate was 59.2% (45/76). Presence of malignancy;
intubation; antibiotic use in the last 3 months; and quinolone, glycopeptide, carbapenem, and antifungal use were determined as risk factors for
the development of carbapenem-resistant K. pneumoniae. Mechanical ventilation, presence of carbapenemase and pan-resistant status, and
glycopeptide use were independent risk factors for mortality.

Conclusions: The data obtained in this study will guide the control measures for this infection and the rational use of antibiotics, and will

contribute to the decrease in mortality rates.
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Introduction

Klebsiella pneumoniae (K. pneumoniae), a member
of the family Enterobacteriaceae, is an opportunistic
pathogen. K. pneumoniae colonizes the gastrointestinal
tract, skin, and nasopharynx; and causes community-
acquired and nosocomial infections. The bacteria have
become increasingly prominent as nosocomial infection
agents in recent years. They frequently cause
complicated and difficult-to-treat infections such as
sepsis, urinary tract infection, catheter-related infection,
pneumonia, gallbladder infections, and surgical site
infections [1,2].

A major problem experienced in nosocomial
infections caused by K. pneumoniae is the development
of multiple antibiotic resistance following widespread
and inappropriate use of antibiotics in the community
and in hospitals. Due to limited treatment options in
such infections, mortal infections and epidemics that
are difficult to control develop, especially in intensive
care units (ICUs) [3,4]. Multidrug resistance in K.

pneumoniae is usually caused by extended spectrum
betalactamases (ESBL) and carbapenem resistance
through various mechanisms. Carbapenems are
antibiotics used to treat serious infections caused by
multidrug-resistant bacteria such as K. pneumoniae.
The main mechanisms of resistance to carbapenems are
decreased membrane permeability as a result of porin
loss, activation of the efflux pump that provides
antibiotic excretion, and, most importantly, production
of carbapenemases (carbapenem degrading enzymes)
that hydrolyze carbapenems [5]. Although prevalence
of carbapenemases varies geographically, they are
being reported with increasing frequency all over the
world, including in Turkey [6]. It is known that
prolonged stay in the ICU or hospital, inadequate
immune response, use of invasive devices, and multiple
antibiotic use are risk factors for the emergence of
resistant strains and mortality [7-10].

The aim of this study was to investigate the risk
factors associated with carbapenem resistance and
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patient mortality in infections due to K. preumoniae in
the ICUs of our hospital.

Methodology

This study was conducted with the approval of
Hatay Mustafa Kemal University Non-Interventional
Clinical Research Ethics Committee (date: 30 June
2022; decision number: 19).

Patients over 18 years of age, who were hospitalized
in the ICUs of our hospital between 1 January 2021 and
30 June 2022, and diagnosed with nosocomial infection
caused by K. pneumoniae, were included in this study.
In the case of patients from whom K. preumoniae was
isolated from more than one site or more than once, the
first isolation data were included in the study.
Colonization and community-acquired infections were
excluded. Nosocomial infections were defined
according to the surveillance diagnostic criteria
determined by the United States (US) Centers for
Diseases Control and Prevention (CDC) [11]. The
medical records of patients infected with carbapenem-
susceptible K. pneumoniae (CSKP) and carbapenem-
resistant K. pneumoniae (CRKP) were retrospectively
analyzed. Demographics and clinical conditions of
these patients were compared. Potential risk factors
such as age, gender, invasive procedures performed,
comorbidities, and antibiotic exposure in the last three
months were analyzed.

In addition to the above risk factors, the effect of
presence of carbapenemase and resistance genes,
presence of pan-resistant strains, C-reactive protein
(CRP) and precalcitonin levels, and the 10- and 90-day
mortality in patients were also analyzed. In addition, the
effects of resistance genes and presence of resistance to
some antibiotics on mortality in CRKP infections were
evaluated.

Bacterial identification and antibiotic susceptibility
testing

Clinical specimens, except for blood samples, were
cultured on 5% sheep blood agar and eosin-
methyleneblue (EMB) agar media. Blood samples were

Table 1. Polymerase chain reaction (PCR) primers.
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added to blood culture bottles (Bactec FXBecton
Dickinson®, Maryland, USA) and incubated in an
automated system (BACTEC 9120, BD Diagnostic
Instrument Systems, Sparks, MD, USA). The flasks that
indicated a positive signal were passaged onto 5%
sheep blood and EMB agar media, and incubated at
35.5-37 °C for 18-24 hours. Identification and
antibiotic susceptibility tests were performed in the
automated system Phoenix 100 (Becton Dickinson,
Sparks, MD, USA) using NMIC/ID-433 and
UNMIC/ID for urine. The results were evaluated
according to the recommendations of the European
Committee on Antimicrobial Susceptibility Testing
(EUCAST) [12]. Carbapenem-resistant strains were re-
studied with the NMIC-505 resistance panel on Phoenix
100 (Becton Dickinson, Sparks, MD, USA) to
determine additional antibiotic susceptibilities. The
resistance status of 26 antibiotics in 12 antibiotic
categories [aminoglycosides (gentamicin, tobramycin,
amikacin), antipseudomonal penicillins + B-lactamase
inhibitors  (piperacillin-tazobactam)  carbapenems
(ertapenem, imipenem, meropenem), cephalosporins
(cefazolin, cefuroxime, cefotaxime, ceftriaxone,
ceftazidime, cefepime, cefexime) cephalosporins + f3-
lactamase inhibitors (ceftalozone-tazobactam,
ceftazidime/avibactam) fluoroquinolones
(ciprofloxacin, levofloxacin, ofloxacin), folate pathway
inhibitors (trimethoprim-sulphamethoxazole),
penicillins (ampicillin, amoxacillin) penicillins + f-
lactamase inhibitors (amoxicillin-clavulanic acid,
ampicillin-sulbactam), phosphonic acids (fosfomycin),
polymyxins (colistin)] were evaluated with NMIC-505
resistance panel. Strains resistant to 26 antibiotics
belonging to 12 antibiotic groups were defined as pan-
resistant.

Carbapenemase gene analysis method

Gene analysis of the strains belonging to the
patients who were retrospectively examined and
included in the study was obtained from the
‘Enterobactericae family collection archive’ stored at —
20 degrees Celsius, where carbapenem resistance was

Primer Sequence (5°-3°) Product size (bp)
KPC-F! 5’-AGGACTTTGGCGGCTCCAT-3 749
KPC-R? 5’-TCCCTCGAGCGCGCGAGTCTA-3’
OXA-48-F* 5’-GCGTGGTTAAGGATGAACACAC-3’ 433
OXA-48-R * 5’-CATCAAGTTCAACCCAACCCAACCG-3’
IMP-F * 5’-GGAATAGAGAGTGGCTTAAYTCTC-3’ 232
IMP-R® 5’-GGTTTAAYAAAACAACCACC-3’
NDM-1-F’ S'ATGGAATTGCCCAATATTATGC-3’ 313
NDM-1-R® 5'-TCAGCGCGCAGCTTGTCGGC -3’

. Klebsiella pneumonia carbapenemase — forward; 2: Klebsiella pneumonia carbapenemase — reverse; >: Oxasilinase-48 — forward; *: Oxasilinase-48 — reverse;
5: Imipenemase — forward; ¢: Imipenemase — reverse; ”: New Delhi metallo-beta-lactamases — forward, %: New Delhi metallo-beta-lactamases — reverse.
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detected with the ‘Phoenix 100 (Becton Dickinson,
Sparks, MD, USA) automated system. The genes
blaKPC, blaOXA-48, blaNDM-1, and blaIMP; which
are frequently observed in our country, were
investigated.

Bacterial genomic DNA was extracted from isolates
by using Tissue and Bacterial DNA Purification Kit
(Eurx, Gdansk, Poland). DNA samples were stored at —
20 °C and 3 pL of DNA was used for multiplex
polymerase chain reaction (PCR) with primers for
blaKPC, blaOXA-48, blaNDM-1, and blaIMP genes
(Table 1) in a 50 pL reaction mixture. Amplification
was performed with the following thermal cycling
conditions: 5 minutes of pre-denaturation at 95 °C;
followed by 35 cycles of 1 minute at 95 °C, 1 minute at
52 °C, and 1 minute at 72 °C; and 10 minutes of final
elongation at 72 °C. PCR products were analyzed by
electrophoresis in a 1% agarose gel at 100 V for 40
minutes in 0.5x TBE and stained with 0.05 mg/L
ethidium bromide. The gel was visualized by the
Quantum gel documentation system (Vilber Lourmat,
Marne La Vallee, France).

Statistical analysis

Statistical Package for Social Sciences (SPSS) for
Windows 23.0 (IBM Corp, Armonk, NY, USA) was
used for statistical analyses. Descriptive findings were
presented as numbers and percentages, means, and
standard errors. Comparisons between groups were
analyzed by the Chi-square test and significance test of
the difference between two means. A p value less than
0.05 was considered significant. Odds ratio and 95%
confidence interval were also calculated. Normality test
was applied for each variable, Multivariate analysis of
variance was used to analyze parametric data that fit the
normal distribution; t-test was performed in groups of
two for comparison of nominal values; and ANOVA
analysis was performed in cases involving more than
two groups.

Results
Nosocomial infections caused by K. pneumoniae
were detected in a total of 76 ICU patients, who met the
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inclusion criteria during the 18-month period.
Carbapenem resistance was detected in 52 (68.4%) of
these patients.

The average age of the patients was 64.7 years
(range 25-94 years) and 56.6% of the patients were
male. The majority of the patients in the CRKP
subgroup were also men (61.5%).

The most common infections among all patients
were urinary tract infection (n = 33, 43.4%), pneumonia
(n = 26, 34.2%), and bloodstream infection (n=16,
21%). Growth of CRKP was detected in the peritoneal
fluid culture of one patient. Pneumonia was the most
common infection in the CRKP group, and urinary tract
infection was the most common infection in the CSKP
group. The highest mortality rate, in the 76 patients
included in our study, was observed among patients
with pneumonia, while the highest mortality rate in
CRKP group was found among bloodstream infection
patients (Table 2).

According to the NMIC-505 resistance panel of 52
CRKP strains, 42 were fosfomycin resistant, 25 were
ceftazidime-avibactam resistant, 17 were colistin
resistant, and 13 were pandrug-resistant (PDR) bacteria
in 12 antibiotic categories.

During PCR analysis of CRKP strains, 30 strains
(57.7%) had only the OXA-48 gene, 21 strains (40.4%)
had a combination of OXA-48 and NDM-1, and one
strain (1.9%) had the combination of KPC and OXA4-48.
The OXA4-48 gene was present in all isolates. None of
the strains contained only NDM-1 or KPC. IMP was not
detected in any isolate.

The results of univariate and multivariate analyses
which included possible risk factors such as age and
gender, use of invasive devices, enteral nutrition,
comorbid diseases, antibiotics used in the last 3 months,
and blood transfusion as risks for CRKP
development/mortality are shown on Table 3. The
presence of malignancy in comorbid diseases and
mechanical ventilation among invasive procedures
were risk factors for CRKP. Antibiotic use in the last 3
months was significant in CRKP infections; quinolone,
glycopeptide, carbapenem, and antifungal use were
identified as risk factors. In multiple analyses,

Table 2. Mortality rates according to site of infection and Klebsiella pneumoniae resistance status.

Carbapenem resistant Klebsiella pneumonia
(CRKP)
n =52 / death (%)
21/9 (42.9%)

Site of infection

Urinary system

Lung 23/21 (91%)
Blood |
circulation 7/7 (100%)
Peritoneum 1/0 (0%)
Total 52/37 (71.01)

Carbapenem sensitive Klebsiella pneumonia

Total number of infections (%)

(CSKP) R
n =24/ death (%) / death (%)
12/2 (16.7%) 33 (43.4%) / 11 (33.3%)
3/2 (66%) 26 (34.2%) / 23 (88.5%)
9/4 (44.4%) 16 (21%) / 11 (68.8%)
_ 1(1.3%) /0 (0%)
24/8 (33.3) 76/45 (59.2%)
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quinolone use was an independent risk factor and was
11.7 times higher in the resistant group compared to the
susceptible group (p = 0.008, OR: 11.77, 95% CI:
0.605-25.289).

The results of univariate and multivariate analyses,
including possible risk factors associated with 10- and
90-day mortality among patients with CRKP and
CSKP, are shown on Table 4. The mortality rate was
59.2% (45/76) in our study. The mortality rate in the
CRKP subgroup was 71.15% (37/52), and the mortality
rate in the CSKP subgroup was 33.3% (8/24).
Mechanical ventilation, parenteral nutrition,
cerebrovascular diseases, antibiotic use in the last 3
months, presence of carbapenemase (being CRKP), and
pandrug resistance were risk factors for both 10-day and
90-day mortality. In addition to these, coronary artery
disease and procalcitonin elevation were risk factors for
mortality in the first 10 days, while being over 65 years
of age, presence of diabetes mellitus, bladder catheter,
and central venous catheter were risk factors for

J Infect Dev Ctries 2025; 19(2):248-257.

mortality in the first 90 days (p < 0.05). In multivariate
analysis, mechanical ventilation (1.7-fold), presence of
carbapenemase (7.6-fold), and pan-resistant status (8-
fold) were independent risk factors for 10-day
mortality; while presence of carbapenemase (9.2-fold),
pan-resistant status (5.1-fold), and glycopeptide use
(5.95-fold) were independent risk factors for 90-day
mortality.

Analysis of mortality risk factors in the CRKP
subgroup found no effect of carbapenemase resistance
genes. Fosfomycin, cefazidime-avibactam, and colistin
resistance were risk factors (p < 0.05), but not
independent risk factors. Pan-resistant status was an
independent risk factor for 10- and 90-day mortality
(Table 5).

Table 3. Demographics and clinical characteristics of carbapenem resistant Klebsiella pneumonia (CRKP) and carbapenem sensitive

Klebsiella pneumonia (CSKP) groups.

Variables CRKP CSKP

(n=152) (n=24) OR
Age
< 65 years 20 8 125
> 65 years 32 16
Gender
Female 20 13
Male 32 11 0.5288
Invasive procedures
Mechanical ventilation 33 8 3.474
Urinary catheter 52 24
Central venous catheter 47 21 1.343
Transfusion of blood 33 19 0.4571
Parenteral nutrition 40 17 1.373
Comorbid diseases
Cerebrovascular disease 7 5 0.5911
C_hromc obstructive pulmonary 6 4 0.6522
disease
Malignancy 3 5 0.2327
Diabetes mellitus 15 7 0.9846
Chronic renal failure 8 3 1.273
Hypertension 12 8 0.6
Coronary artery disease 4 1 1.917
Heart failure 1 1 0.451
Immunosuppression 26 7 2.429
Antibiotic use in the last 3 months
Antibiotic use in the last 3 44 1 65
months
Bet_a }actam / beta lactamase 1 1 6.171
inhibitors
Cephalosporin 8 5 0.6909
Macrolides 2 1 0.92
Quinolone 19 1 13.24
Glycopeptide 15 1 9.324
Carbapenem 19 2 6.333
Polymyxin 3 2 0.6735
Aminoglycoside 2 0 Infinity
Antifungal 19 1 13.24
Metronidazole 1 1 0.451
Fosfomycin 1 1 0.451

Univariate analysis

Multivariate analysis

95% P OR 95% p
0.4485-3.616 0.6666
0.2121-1.429 0.1991
1.258-10.18 0.0143 >0.05
>0.05
0.3300-5.901 0.7033 >0.05
0.1669-1.468 0.171 >0.05
0.4929-3.912 0.5687 >0.05
0.1684-1.941 0.4127 >0.05
0.1861-2.239 0.5387 >0.05
0.05843-1.045 0.0467 >0.05
0.3555-2.637 0.9772 >0.05
0.3231-4.782 0.7397 >0.05
0,2166-1.879 0.3452 >0.05
0.2844-24.36 0.5644 >0.05
0.02335-8.914 0.5701 >0.05
0.8690-6.212 0.0885 >0.05
2.272-17.94 0.0004 >0.05
0.9235-69.18 0.0591 >0.05
0.2167-2.190 0.5576 >0.05
0.1031-13.86 0.9468 >0.05
2.221-143.6 0.0029 11.773 0.605-25.289 0.008
1.510-102.4 0.0142 >0.05
1.439-29.17 0.0106 >0.05
0.1307-4.024 0.6751 >0.05
0.213 I-Infinity 0.3302 >0.05
2.221-143.6 0.0029 >0.05
0.02335-8.914 0.5701 >0.05
0.02335-8.914 0.5701 >0.05
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Table 4. Results of univariate and multivariate analyses including possible risk factors associated with 10- and 90-day mortality among patients
with carbapenem resistant Klebsiella pneumonia (CRKP) and carbapenem sensitive Klebsiella pneumonia (CSKP).

10-day mortality risk factors in Klebsiella p oniae infections 90-day mortality (General) risk factors in Klebsiella p iae infections

Variables Mortality Survival Univariate analysis Multivariate analysis Mortality  Survival Univariate analysis Multivariate analysis

(=35 (m=41) OR 95% P OR 95% p (n=45) (=31) OR P OR p
Age
< 65 years 9 19 12 16
> 65 yoars 2% » 04008 0.1554-1.024  0.0632 3 s 03409  0.1386-0.8756  0.0267
Gender
Female 12 21 17 16
Mol 3 S0 04969 0.1919-1321  0.1377 2 4 05129 020011258 0.1591
Invasive procedures
Mechanical ventilation 24 17 3.08 1.140-7487  0.0181 1.672 0.454-2.889  0.007 33 8 7.906  2,837-20,40  <0.0001 >0.05
Urinary catheter 35 41 >0.05 45 31 5.16 1.141-26.08 0.0374 >0.05
f;ﬁ;frve“"”s 33 35 2829 0.6348-1438  0.2066 >0.05 43 25 516 11412608 00374 >0.05
Transfusion of blood 21 31 04839  0.1917-1295  0.1445 >0.05 27 25 036 0.1200-1.051  0.0571 >0.05
Parenteral nutrition 30 27 3111 1.056-8,590  0.0463 >0.05 41 16 9609 29152882  <0.0001 >0.05
Comorbid diseases
CC“ZZZ’C"W‘SC““" 2 10 01879 0.03945-0.8088  0.026 >0.05 4 8 02805  0.08786-0.9619  0.0468 >0.05
Chronic obstructive 5 5 12 034104212 0.7881 >0.05 6 4 1038 02929-3.508  0.9565 >0.05
pulmonary disease
Malignancy 3 5 0.675  0.1690-2,909  0.6079 >0.05 4 4 0.6585  0.1802-2.432  0.5752 >0.05
Diabetes mellitus 13 9 2101 0.7452-5.695  0.1455 >0.05 18 4 45 1.304-13.31 0.0105 >0.05
Chronic renal failure 5 6 09722 0.2931-3407  0.9657 >0.05 7 4 1243 0.3344-4087  0.7467 >0.05
Hypertension 8 12 0716  0.2401-1.958  0.527 >0.05 11 9 07908  0.3000-2.209  0.6553 >0.05
cch‘;?;‘:z’y artery 5 0 Infinity ~ 1.818-Infinity  0.0123 >0.05 5 0 Infinity ~ 1.038-Infinity  0.0548 >0.05
Heart failure 2 0  Infinity 0.5476-Infinity  0.1209 >0.05 2 0 Infinity ~ 0.3198-Infinity ~ 0.2342 >0.05
Immunosuppression 14 19 07719  .03165-1.844 05782 >0.05 19 14 08874  03652-2.181  0.7995 >0.05
Antibiotic use in the 34 21 3238 4.607-345.5  <0.0001 >0.05 45 10 Infinity  24.19-Infinity  <0.0001 007 225 o 034
last 3 months 0.814
Antibiotic use in the last 3 months
Beta lactam/beta 6 6 1207 032044539 0765 >0.05 8 4 1459 043174697  0.5668 >0.05
lactamase inhibitors
Cephalosporin 6 8 08534 0.2470-2.517 >0.05 7 7 0.6316  0.2066-1.936  0.4375 >0.05
Makrolids 1 2 05735  0.03857-5.134  0.652 >0.05 1 2 03295  0.02231-2.976  0.3521 >0.05
Quinolone 11 9 163 0.6229-4532 03497 >0.05 14 6 1882 0.6034-5817 02527 >0.05
Glycopeptide 8 8 1222 04147-3544 07214 >0.05 13 3 3.792 1.014-13.31 0.0435  5.949 ;‘303; 0.045
Carbapenem 11 10 1421 054443710 0494 >0.05 15 6 2083 0.6831-6378  0.1805 >0.05
Polymyxin 4 1 5161 076876448  0.1151 >0.05 5 0 Infinity  1.038-Infinity  0.0548 >0.05
Aminoglycoside 2 0 Infinity  0.5476-Infinity ~ 0.1209 >0.05 2 0 Infinity ~ 0.3198-Infinity 0.2342 >0.05
Antifungal 6 14 0,399  0.1294-1237  0.0934 >0.05 16 4 3.724 1.205-11.11 0.0275 >0.05
Metranidazole 2 0  Infinity 0.5476-Infinity  0.1209 >0.05 2 0 Infinity ~ 0.3198-Infinity  0.2342 >0.05
Fosfomycin 1 1 1176 0.06031-22.85  0.9096 >0.05 2 0 Infinity ~ 0.3198-Infinity  0.2342 >0.05
Gene analysis
Presence of 28 24 2833 1014107241 00448 7.636 2.365-24.659 0.001 37 15 4933 17261324 00018 9.178 2227- 000
carbapenemase 36.987
Presence of single 15 15 L1172 04847102837  0.7347 >0.05 20 10 1838 0.7400-4.444  0.2091 >0.05
gene OXA-48
Presence of
combination of OXA- 13 8 2438 08354107256  0.0867 >0.05 16 5 2869  0.8931-7.827  0.0627 >0.05
48 and NDM-1
Presence of
combination of OXA- 0 1 >0.05 1 0 Infinity  0.07654-Infinity ~ 0.4034 >0.05
48 and KPC
Presence of < . . 1.773- <
panresistance 10 3 5067 1342101813 00142 8023 LI36-1163 oo 13 0 Infinity ~ 3468-Infinity  0.001 5112 Lo
C reactive protein 13.02+ 11.36 £ 9.89+
(CRP) level s Ay 0.258 15871198 "0 0373
Procalcitonin (PCT) 433+ 8.57+ 6.97 +
level 10.66 21.39 0.03 SITE22T g 0.068

Table 5. Analysis of risk factors associated with 10- and 90-day mortality in carbapenem resistant Klebsiella pneumonia (CRKP)-associated
infections.

Mortality at 10 days Mortality at 3 months

Gene analysis Death  Survival Death  Survival 95%

noag e OR 95% CI P OR 95% CI P nedy oA OR 95% CI P OR
Dresance of single gene 15 15 05769 02026-1.777 03373 >005 20 10 0.75 022552451 06563 >0.05
Combination of OXA-48 13 8 1733 0.5628-4.935 03373 >0.05 16 5 1.684 0.5234-5.548  0.4163 >0.05
and NDM-1
Combination of OXA4-48 . .
and KPC 0 1 >0.05 1 0 Infinity ~ 0.04762-Infinity  0.5084 >0.05
Antibiotic resistance
Presence of pan-resistance 10 3 5.067 1.342-18.13 0.0142 1.376  1.983-9.546 <0.0001 13 0 Infinity 3.468-Infinity 0.001 1.512 (29366747 0 0;01
g;’fgmycm resistance 24 18 0.0311 0.0311 >0.05 30 12 3.167 12717811 0.016 >0.05
Ceftazidime+avibactam
resistance 19 6 6.927  2308-21.52  0.0002 >0.05 21 4 5.906 1.747-17.33  0.0021 >0.05
52/25
22"/11‘57“" resistance 11 6 2674 0.9036-8.631  0.0799 >0.05 14 3 4215 1.151-1470  0.0275 >0.05
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Discussion

The increasing antibiotic resistance in K.
pneumoniae isolated in Turkey and all around the
world, and the prevelance of this resistance among
patients in ICUs have led to major problems. CRKP was
first reported in the US in 1997, and in Turkey in 2001
[12-14]. In Europe, the prevalence of resistance varies
from less than 10% (Scandinavian countries,
Netherlands) to more than 50% (Ukraine, Greece).
According to the World Health Organization (WHO)’s
Central Asian and European Surveillance of
Antimicrobial Resistance (CAESAR) 2020 report, the
rate of carbapenem resistance in K. pneumoniae strains
in our country is between 25-50% [15,16]. Yesilbag et
al. reported that carbapenem resistance in K.
prneumoniae infections in intensive care units increased
from 35% in 2017 to 62.9% in 2019 [17]. In our study,
this rate was found to be 68.4% for the years 2021—
2022. The high rate of carbapenem resistance in K.
pneumoniae in the ICUs of our hospital is consistent
with its rate of increase across our country.

The most important cause of carbapenem resistance
is the production of carbapenemases that hydrolyze
carbapenems. Although the prevalence of class A
(KPC, GES, SME etc.), class B (IMP, VIM, NDM), and
class D (OXA-23, OXA-24, OXA-58, OXA-48)
carbapenemases varies geographically, they are being
reported with increasing frequency all over the world,
and in our country. Groups A and D require the amino
acid serine for activity, while group B requires zinc for
activity and is known as metallo-beta-lactamase
(MBL). MBL cannot be inhibited by beta lactamase
inhibitors [6]. KPC is endemic in North and South
America, Poland, Romania and China; OXA4-48 is
endemic in Turkey, North Africa and the Middle East;
and NDM is endemic in India, Pakistan and Bangladesh
[18]. The endemic OXA4-48 was found to be the most
common single resistance gene in various studies
conducted in Turkey, although combinations of
different genes were also reported. In addition, KPC,
NDM, VIM, and IMP resistance genes were detected
alone or in association with different genes [19,20]. In
a multicenter study, the single genes found in
carbapenem-resistant K. pneumoniae were OXA-48
(83.1%), NDM (6.5%), VIM (3.2%), IMP (1.6%); and
the combined genes were OXA-48 + NDM (2.4%),
OXA-48 + VIM (2.4%), and VIM + NDM (0.8%). KPC
was not detected [20]. In a study conducted from 2012
to 2020, the OXA-48 was the most common resistance
gene and found in 38.8% isolates; the second most
common resistance gene NDM-]/ was found to be
11.0% isolates, and the most common resistance gene
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combination was OXA-48 + NDM-1 which was found
in 42.3% isolates [21]. Our study was consistent with
other studies in our country and all the strains in our
study were OXA-48 positive, and the resistance rates
were 57.7% for OXA-48, 40.4% for the combination of
OXA-48 and NDM-1, and 1.9% for the combination of
KPC and OXA-48. IMP was not detected.

Studies have identified many risk factors affecting
the development of carbapenem resistance. These
factors include history of hospitalization, ICU stay,
length of stay, immunosuppressive treatment, steroid
use, history of transplantation (organ and stem cell),
dialysis, invasive procedures such as intubation,
nasogastric tube, parenteral nutrition, tracheostomy,
urinary catheter, central venous catheter, antibiotic use,
comorbidities such as chronic/acute renal failure, and
neurological disease [22—24]. Esen and Leblebicioglu
reported that urinary catheter, nasogastric catheter,
intubation, tracheostomy, central venous catheter,
mechanical ventilation and emergency surgical
procedures significantly increased the risk of
nosocomial infection [25]. Budak et al. reported that
total parenteral nutrition and transfusion of blood
products were risk factors [26]. In our study,
mechanical ventilation during invasive procedures and
presence of malignancy among comorbidities were
found to be risk factors for the development of CRKP.
No significant factor was identified by multivariate
analyses. This may be explained by the fact that our
study included patients from the ICU, where invasive
procedures were performed in most of the patients.

Risk factors related to antibiotic use in CRKP
infections have been reported in various studies as the
use of broad-spectrum antibiotics such as carbapenems,
aminoglycosides, glycopeptides, quinolones, anti-
Pseudomonas antibiotics, and antifungals [22]. The use
of these antibiotics may lead to selection of
carbapenem-resistant strains in the intestinal flora by
suppressing susceptible strains. In addition, since
almost all patients hospitalized in the ICU were
critically ~ ill, carbapenem and glycopeptide
combinations were frequently used empirically, and
resistant Enterobactericea become dominant in the
flora. In our hospital, since carbapenems and
vancomycin were among the antibiotics frequently used
in the ICU, these were supposed to contribute to the
increase in carbapenem resistance in Klebsiella strains.
In our study, antibiotic use in the last 3 months was
significant in CRKP infections; and quinolone,
glycopeptide, carbapenem, and antifungal use were risk
factors in antibiotic-based statistics. In multivariete
analysis, quinolone use was identified as an
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independent risk factor and was 11.7 times higher in the
resistant group compared to the susceptible group (p =
0.008, OR: 11.77, 95% CI: 0.605-25.289).

Mortality rates in K. pneumoniae infections are
gradually increasing and there is roughly a 3-fold higher
mortality risk in the case of CRKP infections, compared
to CSKP [27,28]. In some studies [29—31], the mortality
rate of CRKP was within the range of 40 to 50%;
however, there are also studies that reported a relatively
low mortality rate of 23% [28] and a high mortality rate
up to 71.9% [27,32]. In our study, we calculated the
mortality rate as 71.1% in patients with CRKP, which
is consistent with studies with high mortality rates.
Various studies reported that the highest mortality rate
in patients with CRKP, in terms of the source of
infection, was bloodstream infection and pulmonary
infection [28,33,34]. In our study, the highest mortality
rate was in bloodstream infection followed by
pulmonary infection.

There are studies showing that the factors affecting
mortality [advanced age, male gender, presence of
CRKP, invasive procedures such as central venous
catheter (CVC), mechanical ventilation, bladder
catheterization, comorbid diseases such as diabetes
mellitus (DM), coronary artery disease (CAD), chronic
hearth failure (CHF), chronic renal failure (CRF),
cerebrovascular disease (CVD), malignancy, and
chronic obstructive pulmonary disease (COPD)] are
associated with antibiotics (cephalosporin carbapenem,
quinolone, aminoglycoside, antifungal, colistin,
glycopeptide) used in the 3-month period before
diagnosis [28,32,33,35-37].

In some studies [32,35-38], invasive procedures
(mechanical ventilation, CVC, bladder -catheter,
presence of drain) were reported to have no effect on
mortality in CRKP; while in some others [33,38],
mechanical ventilation, bladder catheter, and CVC were
independent risk factors for mortality. In our study,
mechanical ventilation, bladder catheterization, CVC,
and total parenteral nutrition (TPN) were risk factors for
mortality in univariate analysis, which is consistent
with the literature; whereas only mechanical ventilation
was an independent risk factor for mortality in
multivariate analysis. Although there are reports that
blood product use increases mortality [27], we did not
determine blood product use as a risk factor for
mortality in our study in accordance with other reports
in the literature [32,33,37].

Comorbid diseases are also mortality risk factors
for CRKP infections as they cause immunosuppression
and require multiple and long-term drug use. Contrary
to the studies that reported a relationship between
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malignancy and mortality in CRKP, there are studies
[28,32,33,35-37] showing that CRKP mortality
increases in the presence of chronic liver disease, renal
dysfunction, COPD, ICU stay, and cardiac dysfunction;
while malignancy has no effect. In our study, unlike a
previous report [33], CVD and CAD were risk factors
for mortality in the first 10 days, and DM and CVD
were risk factors for mortality in the first 90 days; but
no independent risk factor was identified.

There are reports on the relationship between
antibiotic use in the 3-month period before the CRKP
isolation and mortality. There are studies in the
literature reporting a connection between the use of
cefoperazone/sulbactam, aminoglycosides, and
antifungal agents and CRKP mortality [32,37,39]. In
our study, there was significant (p < 0.001) association
between antibiotic use in the last 3 months and 10-day
mortality. In addition, glycopeptide and antifungal use
were risk factors, and glycopeptide use was an
independent risk factor for 90-day mortality.

In our study, the presence of carbapenemase was
determined to be an independent risk factor for
mortality in the first 10 days. This result is consistent
with other studies showing the association of
carbapenemase with mortality. In our study, no
relationship was detected between carbapenemase type
and mortality. In addition to the reports that are in
agreement with our study [32,40,41], there are other
studies that report that the mortality rate increases in the
presence of the blaNDM gene [42].

Among the CRKP cases in our study, 13 were pan-
resistant, and all of these patients died within the first
90 days (8 of them before the culture antibiogram
results were available). There are a limited number of
studies in the literature on the effects of pan-resistant
strains on mortality. These studies are generally in the
form of case reports and include treatment
recommendations such as colistin/high dose tigecycline
combination [43] or dual carbapenem = colistin
combination [44,45]. We identified that pan-resistant
strains are an independent risk factor for mortality both
for the first 10 days and the first 90 days.

There are few studies on the effect of acute phase
reactants on CRKP mortality. In one study [46], it was
reported that CRP (= 150 mg/L), procalcitonin (=
Sng/mL) elevation, and leukopenia (< 4,000/L)-
thrombocytopenia (< 100,000/L) were associated with
CRKP mortality. In addition, elevated procalcitonin
was determined to be a risk factor for daily mortality in
the first 10 days. More studies should be conducted to
show the relationship between CRP and procalcitonin,
and mortality.
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Conclusions

Carbapenem resistance and related mortality rate
were found to be quite high in K. pneumoniae infections
in the ICUs of our hospital. The period of our research
coincided with the coronavirus disease 2019 (COVID-
19) pandemic period and the excessive use of
antibiotics and antifungals contributed to the increase in
carbapenem resistance. Further studies are needed to
evaluate the risk factors to support rational antibiotic
use and thereby prevent development of carbapenem
resistance and reduce the mortality rate.
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