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Abstract 
Introduction: Carbapenem-resistant Klebsiella pneumoniae (CRKP) is a bacterium in “critical” category on the World Health Organization's 
list of "priority pathogens". The aim of our study is to identify the carbapenem resistance genes of K. pneumoniae isolates obtained from blood 
and cerebrospinal fluid samples sent from the intensive care units of our hospital and to investigate the clonal relationship among them. 
Methodology: K. pneumoniae strains isolated from blood and CSF samples routinely collected from the intensive care units of our hospital 
over a two-year period were included in the study. Carbapenemase screening of CRKP strains was performed using Carba NP and CIM tests. 
Additionally, carbapenemase resistance genes (blaKPC, blaNDM, blaVIM, blaIMP, and blaOXA-48) and clone analysis were performed using AP-PCR 
on these strains. 
Results: A total of 186 strains with reduced susceptibility to at least one carbapenem were detected. In carbapenemase screening, the sensitivity 
of the CIM test was 98.3% (169/172), specificity was 7.1% (1/14); the sensitivity of Carba NP was 90.7% (156/172), specificity was 78.6% 
(11/14). 83.9% of the strains were blaOXA-48, 4.8% blaNDM, and 3.8% blaKPC positive. blaIMP and blaVIM resistance genes were not detected. One 
hundred and eighty-six K. pneumoniae isolates were identified with 62 different genotypes, and isolates showing clustering were grouped into 
30 different clusters. The clustering rate of these isolates was 82.8%. 
Conclusions: Resistant bacteria can cause small outbreaks in ICUs. Therefore, to identify high-risk clones and prevent further spread, there is 
a need to increase capacity to support outbreak investigations and surveillance with real-time whole genome sequencing. 
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Introduction 

Klebsiella pneumoniae was described as a 
bacterium causing pneumonia by Carl Friedländer in 
1882 and has been recognized as an important pathogen 
since then [1]. This bacterium, which belongs to the 
Enterobacterales family, is usually an encapsulated, 
immobile, and Gram-negative bacillus [2]. Today, it 
remains one of the most common Gram-negative 
pathogens in nosocomial septic patients worldwide [1]. 
Therefore, bloodstream infections (BSI) represent 40% 
of community-acquired and hospital-acquired sepsis 
and septic shock cases and approximately 20% of 
intensive care unit (ICU)-acquired cases [3]. Hospital-
acquired BSI accounts for the highest burden of 
healthcare-associated infections [4]. These infections 
are highly prevalent in ICU patients and are associated 
with a mortality rate of 36-42% [5]. Since the bacteria 
are not airborne in such settings, direct or person-to-
person contact is usually required for the spread of 

Klebsiella infection [1,2]. The arbitrarily primed 
polymerase chain reaction (AP-PCR) method used to 
explain this contact is one of the methods used for clone 
analysis, and its main advantage is that it provides 
highly specific DNA profiles without knowing the 
DNA sequence of the gene region. In addition, this 
method is a rapidly reproducible and highly sensitive 
method used to examine genetic polymorphism [6].  

Bacteria acquire resistance through two main 
mechanisms: mutations in chromosomal genes and 
resistance genes acquired through mobile genetic 
elements that can spread horizontally between bacteria 
[7]. K. pneumoniae can carry resistance genes against 
various drugs and, therefore, develop resistance to 
antibiotics such as ß-lactams, tetracyclines, and 
quinolones. Carbapenems have long been recognized as 
an effective treatment against this bacterium. However, 
the widespread and uncontrolled use of antibiotics has 
caused the bacteria to produce enzymes such as 
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extended-spectrum ß-lactamase (ESBL) and 
carbapenemase, leading to increased resistance to 
carbapenems. Current treatment options for 
carbapenem-resistant K. pneumoniae (CRKP) are very 
limited, and this poses a severe public health threat [1]. 

Antimicrobial resistance (AMR) is projected to 
cause 10 million deaths worldwide each year by 2050, 
with severe economic consequences [8]. Although 
these estimates have been criticized by some authors 
[9,10], the first comprehensive global assessment of the 
burden of AMR conducted in 2019 confirmed this 
worrying trend [11]. Today, while the concept of "One 
Health" is becoming increasingly important, the World 
Health Organization (WHO) established a list of 
"priority pathogens" in 2017, ranked from highest 
priority to lowest priority according to antibiotic 
resistance levels. CRKP was included in the highest 
critical category in this list [12,13]. AMR can cause 
delays in treatment, increased mortality rates, resource 
consumption, and costs. This leads to significant 
increases in the use of broad-spectrum antimicrobials 
[5]. 

Our study aims to identify the carbapenem 
resistance genes of K. pneumoniae isolates from blood 
and cerebrospinal fluid (CSF) samples sent from our 
hospital's intensive care units, investigate the clonal 
relationship between them, and show whether these 
bacteria can cause recurrent infections in ICUs.  

 
Methodology 
Ethics committee approval 

The study received ethical approval from the Non-
Interventional Scientific Research Ethics Committee of 
the Faculty of Medicine of our University with the 
protocol code GOBAEK 2023/30. 

 
Study Setting 

This study was conducted at a university hospital 
with a total capacity of 942 beds. The hospital includes 
a 7-bed Reanimation ICU, a 22-bed Internal ICU (Units 
1 and 2), a 12-bed Surgical ICU, a 4-bed secondary 
level Postoperative ICU, a 26-bed Cardiology ICU 
(Units 1 and 2), a 20-bed Neonatal ICU, a 6-bed 
Pediatric ICU, and a 20-bed Chest Diseases ICU (Units 
1 and 2). The institution provides advanced-level 
intensive care services with a total of 117 ICU beds. 
This is a single-center study conducted at this university 
hospital. 

 
Inclusion criteria 

Between 01.10.2020 and 01.10.2022, K. 
pneumoniae isolates grown in blood and CSF samples 

obtained routinely from our hospital’s intensive care 
units were included in the study. A single isolate was 
obtained from each patient.  

 
Storage and revitalization of strains 

K. pneumoniae growths in the samples included in 
the study were passaged onto skim milk medium for 
storage. Passaged colonies were frozen at -80 °C. In the 
analytical phase, frozen colonies were thawed at room 
temperature. When thawing was complete, 1 mL of the 
medium was taken and inoculated onto 5% sheep blood 
agar. Blood agar Petri dishes were then incubated at 37 
°C for 24 hours. 

 
Resistance profile determination by the disk diffusion 
method 

Inoculum with 0.5 McFarland turbidity was 
prepared from the colonies in Petri dishes. This 
inoculum was inoculated on Mueller-Hinton Agar 
(MHA) with a sterile cotton swab. Antibiotic disks with 
a diameter of 6 mm were placed on the inoculated MHA 
Petri dishes using a disk dispenser (BioAnalyse, 
Turkey). MHA Petri dishes were incubated at 35 °C for 
18 hours. At the end of the incubation period, the 
diameters of the zones of inhibition were measured, and 
EUCAST Breakpoint Tables Version 14.0 was used to 
interpret these diameters [14]. 

 
Carba NP 

After 24 hours of incubation on Mueller-Hinton 
agar (BBL/Becton Dickinson, France), a 10 μL sample 
was suspended in a 100 μL volume of 20 mmol/L Tris-
HCl lysis buffer (B-PERII, Bacterial Protein Extraction 
Reagent; Thermo Scientific Pierce, USA). The mixture 
was vortexed for 1 minute and incubated at room 
temperature for 30 minutes. 30 μL of supernatant from 
each isolate was placed in two wells on a 96-well 
microplate. The first well served as a negative control 
and contained 100 μL of phenol red (pH 7.8) solution 
to which 0.1 mmol/L ZnSO4 (Fluka, Germany) was 
added. The second well contained 100 μL of phenol red 
solution containing 6 mg/mL imipenem/cilastatin and 
0.1 mmol/L ZnSO4. The phenol red solution was 
prepared by mixing 2 mL of 0.5% (wt/vol) phenol red 
solution with 16.6 mL of distilled water and adjusting 
the pH to 7.8 with 1N NaOH. Instead of imipenem 
monohydrate according to the original protocol, 6 
mg/mL imipenem/cilastatin (Tienam, MSD) was used 
in the modified protocol. Tubes were incubated at 37 °C 
for 2 hours and monitored every 15 minutes; a color 
change from red to yellow was considered a positive 
result. Discordant results were repeated three times 
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[15].  
 

CIM (Carbapenem Inactivation Method) test 
The principle of this method is to detect the 

enzymatic hydrolysis of a carbapenem by incubating it 
with a bacterial suspension. In the CIM assay, 
meropenem disks are used as substrate. A suspension is 
prepared by taking a 10 μL sample of K. pneumoniae 
colonies grown on Muller-Hinton Agar (MHA) and 
suspending it in 400 μL of water. A susceptibility test 
disk containing 10 μg meropenem (BioAnalyse, 
Turkey) was then immersed in this suspension and 
incubated at 35 °C for two hours. After incubation, the 
disk is placed on an MHA inoculated three-way with 
Escherichia coli ATCC 25922. If bacterial enzymatic 
inactivation is present, no zone of inhibition is formed. 
In the absence of carbapenemase activity, a zone of 
inhibition is formed because the meropenem on the disk 
is not hydrolyzed [16].  

 
Detection of carbapenemase genes: 

DNA isolation from bacterial isolates was 
performed using the QIAsymphony automated DNA 
extraction system (Qiagen, Hilden, Germany) and 
QIAamp DNA Midi Kit (Qiagen, Hilden, Germany). 
Detection of carbapenemase genes was performed by 
multiplex polymerase chain reaction (PCR) targeting 
blaKPC, blaNDM, blaVIM, blaIMP, and blaOXA-48 as described 
by Poirel et al. [17] 

DNA amplification was performed using the 
GeneAmp PCR System 9700 (Applied Biosystems, 
Waltham, MA, USA). The resulting amplicons were 
electrophoresed on a 1.5% agar gel at 90V for 2 hours, 
stained with ethidium bromide, and visualized under 
UV light using a Kodak Gel Logic 200 system (Kodak 
Company, Rochester, USA). 

 
Analysis of clonal relationships of Klebsiella 
pneumoniae isolates: 

Clonal relationships of K. pneumoniae isolates were 
assessed using AP-PCR as previously described by 

Menekşe et al. [18]. Band patterns were analyzed with 
GelCompar II software (version 6.5; Applied Maths, 
Sint-Martens-Latem, Belgium). The Dice correlation 
coefficient was used to calculate similarity for band 
analysis, and clustering was performed using the 
Unweighted Pair Group Method with Arithmetic Mean 
(UPGMA). Isolates with similarity coefficients greater 
than 90% were considered to belong to the same or 
related clones, while those with similarity below 90% 
were classified as different or unrelated clones. 

 
Results 

Between October 2020 and September 2022, 20756 
samples, including 16531 blood cultures and 1131 CSF, 
were sent to our laboratory for routine culture testing. 
Significant growth was observed in 2931 samples, 2803 
in blood culture, and 128 in CSF. K. pneumoniae 
(n=268; 9.1%) was found to be the second most 
common agent among the grown samples.  

The number of K. pneumoniae included in the study 
was 268. The number of Klebsiella strains with 
decreased susceptibility to at least one carbapenem was 
186 (69.4%). Of these samples, 182 were blood, and 4 
were CSF. The antimicrobial resistance rates of these 
strains are shown in Table 1. Over 94% resistance to 
cephalosporin group antimicrobials and 91% resistance 
to quinolone group antimicrobials were observed. 
Amikacin resistance was 50%, while the most sensitive 
antimicrobial was ceftazidime-avibactam (CZA) 
(14.5%). 

The CIM test positivity rate of these strains was 
97.8% (182/186), and the Carba NP positivity rate was 
85.5% (159/186). In carbapenemase screening of these 
strains in which five different resistance genes were 
investigated, the sensitivity of the CIM test was 98.3% 
(169/172), and specificity was 7.1% (1/14); the 
sensitivity of Carba NP was 90.7% (156/172), and 
specificity was 78.6% (11/14) (Table 2). 83.9% of the 
strains were blaOXA-48, 4.8% blaNDM, and 3.8% blaKPC 
positive. blaIMP and blaVIM resistance genes were not 
detected. 100% (7/7) of blaKPC carriers, 55.6% (5/9) of 

Table 1. Distribution of Antimicrobial Resistance Rates Among Strains Harboring Resistance Genes by ICU Type (%). 
 n MEM IMP ETP CXM CAZ CRO CTX FEP AMC TZP CZA CIP LEV CN AK SXT 
Surgical ICU 67 83.6 79.1 100.0 95.5 91.0 94.0 97.0 95.5 98.5 98.5 17.9 91.0 89.6 65.7 44.8 77.6 
Internal ICU 55 96.4 70.9 100.0 98.2 94.5 92.7 94.5 98.2 98.2 100.0 14.5 98.2 94.5 85.5 52.7 81.8 
Chest Diseases ICU 30 93.3 90.0 100.0 100.0 93.3 96.7 100.0 100.0 100.0 100.0 0.0 100.0 100.0 93.3 50.0 86.7 
Reanimation ICU 23 78.3 78.3 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 21.7 87.0 78.3 73.9 52.2 78.3 
Post-op ICU 5 60.0 60.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 20.0 100.0 100.0 80.0 40.0 80.0 
Pediatric ICU 4 100.0 75.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 25.0 100.0 100.0 100.0 100.0 100.0 
Neonatal ICU 1 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 0.0 100.0 100.0 100.0 100.0 100.0 
Cardiology ICU 1 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 0.0 100.0 0.0 0.0 0.0 0.0 
Total 186 88.2 78.0 100.0 97.8 94.1 95.2 97.3 97.8 98.9 99.5 14.5 94.6 91.4 78.0 50.0 80.6 
ICU: Intensive Care Unit; MEM: Meropenem; IMP: Imipenem; ETP: Ertapenem; CXM: Cefuroxime; CAZ: Ceftazidime; CRO: Ceftriaxone; CTX: Cefotaxime; 
FEP: Cefepime; AMC: Amoxicillin/clavulanic acid; TZP: Piperacillin/tazobactam; CZA: Ceftazidime/avibactam; CIP: Ciprofloxacin; LEV: Levofloxacin; CN: 
Gentamicin; AK: Amikacin; SXT: Trimethoprim/sulphamethoxazole. 
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blaNDM carriers, and 85.9% (134/156) of blaOXA-48 
carriers were found to be CZA sensitive.  

AP-PCR was performed on 186 K. pneumoniae 
isolates with reduced susceptibility to at least one 
carbapenem. No single dominant epidemic clone was 
detected in the isolates, and clusters were found in them. 
One hundred and eighty-six K. pneumoniae isolates 
were identified with 62 different genotypes, and isolates 
showing clustering were grouped into 30 different 
clusters (tolerance 1.0, optimization 1.0, cutoff 90%). 
One hundred fifty-four of the isolates were included in 
any cluster, and the clustering rate was 82.8% 
(Supplementary Figure 1). 

When the ICUs, in which genotype 1, which 
constituted the largest cluster in the study, was isolated 
within months, were analyzed, it was observed that it 
caused small outbreaks at four different times (Figure 
1). Thus, it was determined that Klebsiella strains with 
the same genotype were isolated both in the same ICU 
and in different ICUs on different dates. Although the 
number of genotypes in other clusters was less, they 
were found to have similar characteristics.  

 
Discussion 

Multidrug-resistant (MDR) bacterial infections 
pose an increasing burden on healthcare services and 
have severe economic impacts [19]. O'Neill's 2014 and 
2015 studies project that without policy changes and 
improvements in research and drug development, 150 
million premature deaths could occur worldwide in the 
next 50 years. These projections are based on only three 
of the seven resistant bacteria that the WHO considers 
the greatest threat – K. pneumoniae, E. coli, and 
Staphylococcus aureus. When the other four bacteria 
are taken into account, this threat and impact could be 

even more severe [20,21]. In 2019, another study 
estimated 541,000 deaths associated with bacterial 
AMR and 133,000 deaths attributable to bacterial AMR 
across Europe. Bloodstream infections caused the 
largest lethal burden of AMR in the region. Among the 
319,000 deaths involving bloodstream infections, 
195,000 were associated with AMR, and 47,200 deaths 
were attributable to AMR. K. pneumoniae was the third 
most responsible pathogen for approximately 457,000 
resistance-related deaths in 53 countries in this region 
(68,994 deaths) [22]. Compared to 2019, the EU 
incidence of CRKP-associated bloodstream infections 
in 2022 increased by nearly 50%. This suggests that the 
EU is not making sufficient progress to meet its target 
of a 5% reduction in incidence by 2030 [23]. 
Carbapenem resistance is almost always combined with 
resistance to several other important antimicrobial 
groups, leaving extremely limited options in the 
treatment of serious infections caused by this bacterial 
species. In our study, carbapenem-resistant isolates 
were highly resistant to other antimicrobial drug 
groups. This suggests the need for continuous close 
monitoring and increased efforts to respond effectively 
to this threat to public health. 

Various methods are used for the detection of 
carbapenemases. The CIM test and the Carba NP test 
are two of them. Although the CIM test was found to be 
more sensitive than Carba NP in the detection of 
carbapenemases in our study, the high specificity 
results of the Carba NP test give Carba NP an advantage 
over the CIM test. Therefore, we recommend that 
laboratories that cannot perform molecular tests should 
use Carba NP for carbapenemase detection instead of 
the CIM test.  

Carbapenemase enzymes include class A serine 

Table 2. Phenotypic Test Results (CIM and Carba NP) According to the Distribution of Carbapenemase Resistance Genes. 
Resistance gene CIM Carba NP Total - + - + 
blaOXA-48 3 153 13 143 156 
blaNDM 0 9 3 6 9 
blaKPC 0 7 0 7 7 
Negative 1 13 11 3 14 
Total 4 182 27 159 186 

 

Figure 1. Timeline of Genotype 1 Isolation in ICUs by Month. 
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enzymes (blaKPC), class B metallo beta-lactamases 
(blaVIM, blaIMP, blaNDM), and class D enzymes (blaOXA-

48-like). Class D beta-lactamases identified in K. 
pneumoniae include blaOXA-type carbapenemases 
(blaOXA-48, blaOXA-51, blaOXA-181, blaOXA-237) and ESBL-
type oxacillinases (blaOXA-11, blaOXA-15). However, 
blaOXA-48-like carbapenemases pose a particular challenge 
in laboratory detection because they hydrolyze 
carbapenems poorly [23]. The blaOXA-48 enzyme in K. 
pneumoniae was first identified in our country in 2001 
[19,24]. The fact that the most frequently detected 
resistance gene in our study was blaOXA-48 is consistent 
with other studies conducted in our country [25].  

Carbapenems (imipenem or meropenem) are 
recommended as antimicrobial agents in patients with 
severe BSI and third-generation cephalosporin-resistant 
infections. For serious infections caused by 
carbapenem-resistant Enterobacterales (CRE), 
meropenem-vaborbactam or ceftazidime-avibactam are 
recommended if they show in vitro activity [26]. 
However, it should be taken into consideration that 
ceftazidime-avibactam is effective in vitro against 
Ambler class A (blaKPC) and some class D (blaOXA-48) 
carbapenemases but ineffective against MBL-
producing strains [26]. In our study, CZA resistance 
was 14.5%, and 83.9% of the strains were blaOXA-48 
positive. In another study conducted in Turkey, CZA 
resistance was found to be 10.7%, and OXA-48 positivity 
was 96.4% [23]. The high sensitivity rate of blaKPC and 
blaOXA-48-carrying strains to CZA is an expected result. 
Although, surprisingly, approximately half of the 
blaNDM-carrying strains were sensitive to CZA, similar 
results were obtained in previous studies [23]. The fact 
that this rate is higher than expected may be due to the 
low number of blaNDM strains in our hospital, but it also 
shows that strains carrying blaNDM may be susceptible 
to CZA, albeit rarely. On the other hand, the fact that 
CZA was the first drug selected for CRKP infections in 
our hospital shows that it was the right decision.  

There are eight different ICUs in our hospital. When 
ICUs were evaluated within themselves, no dominant 
clone was found in any ICU, but 30 different clusters 
were observed. The fact that an isolated genotype can 
be isolated from another patient in the same ICU or in 
another ICU months later is an indication that these 
strains spread within the hospital. However, ward 
patients were not included in our study. Considering 
that patients are transferred from the ICU to the ward or 
from the ward to the ICU, this spread may occur with 
patient transfer or hospital staff. In one study, the most 
frequently contaminated areas included gauze pads 
around the endotracheal tube, nasal catheter, oxygen 

mask, suction machine, bed sheet around the pillow, 
floor on both sides of the bed, bed railings, mobile nurse 
trolley railing, and the outer surface of the bedside 
drainage bag. These areas function as environmental 
reservoirs of CRKP in intensive care settings and are 
frequently contacted by healthcare workers during 
routine patient care [27]. These findings emphasize the 
importance of standardized cleaning regimes for 
surfaces and objects in the immediate vicinity of 
patients and the need to be aware of the role of these 
surfaces and objects in the spread of CRE. In the 
hospital setting, meticulous cleaning of surfaces and 
objects is of paramount importance to prevent the 
transmission of such infections to other patients and 
healthcare staff. In addition, molecular rapid diagnostic 
tests play a key role as they allow earlier adequate 
antimicrobial treatment and rapid identification of the 
origin of strains [5]. Therefore, molecular rapid 
diagnostic tests should be applied together with active 
surveillance so that genotypes showing clustering can 
be recognized earlier and measures can be taken. 

 
Limitations 

Our study has some limitations. Our study is 
retrospective, and active surveillance was not 
performed. Therefore, clone follow-up could not be 
performed when patients changed beds. In addition, 
environmental sampling was not performed to identify 
the source. However, the clonal relationship of K. 
pneumoniae strains causing infection in the ICU was 
revealed, shedding light on future comprehensive 
studies.  

 
Conclusions 

In conclusion, the WHO and numerous other 
researchers agree that the spread of antimicrobial 
resistance is an urgent problem that requires a global, 
coordinated plan of action [28,29] because, if left 
unchecked, antimicrobial resistance could make many 
bacterial pathogens much more deadly in the future than 
they are today [11]. CRKP isolates can be transferred 
between patients, intensive care unit staff, and the 
environment. Environmental contamination and 
CRKP-positive patients are the major sources of 
transmission to the hands, gloves, or gowns of intensive 
care unit staff. Compliance with contact precautions 
and more aggressive environmental cleaning and 
disinfection can reduce the transmission of CRKP 
isolates. A multidisciplinary approach is required in the 
treatment of critically ill patients with hospital-acquired 
BSI [5]. To identify high-risk clones and prevent further 
spread, there is a need to increase capacity to support 
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outbreak investigations and surveillance with real-time 
whole genome sequencing. Options for action to this 
end include timely and accurate diagnosis, 
implementation of high infection prevention and 
control standards, and effective antimicrobial 
stewardship. 
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Supplementary Figure 1. AP-PCR results of 186 strains. 
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