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Abstract 

Background  Carbapenemase-Producing Enterobacteriaceae (CPE) are known to be on the rise globally and are 
a major concern. Rapid screening of at-risk patients and implementation of infection control measures can prevent 
colonization from becoming a source of infection.

Objective  We investigated the incidence of carbapenem-resistant Enterobacteriaceae (CRE) colonization, CRE-pro-
ducing Enterobacteriaceae species, carbapenemase gene types and prevalence in patients subjected to CRE screening 
tests in rectal swab samples using the CHROMAgar culture method and real-time Polymerase Chain Reaction (PCR) 
method in a tertiary hospital in Istanbul, Turkiye. In addition, we investigated the effectiveness of diagnosis with PCR 
and CHROMAgar methods by examining whether meropenem-resistant infection foci developed in patients with CRE 
colonization from hospitalization to discharge.

Materials and methods  This study was conducted retrospectively in the Microbiology Laboratory of 3953 patients 
at Başakşehir Çam and Sakura City Hospital in Istanbul between January 2021 and December 2023. All data, includ-
ing CRE colonization screening test results using CHROMAgar and PCR methods, age, gender, requesting clinic, 
and meropenem-resistant Enterobacteriaceae culture results in infection foci that developed during hospitalization, 
were obtained from the hospital automated system.

Results  In all 3953 patients included in the study, CRE colonization was screened by CHROMAgar culture method 
on rectal swab samples and by real-time PCR method in 500 patients. The mean age of the patients was 42.9 ± 30.1 
and 58.1% were male. There was no difference in age and gender distribution between the Upon admission 
to the hospital and during hospitalization groups (p > 0.05). Rectal CRE colonization was detected in 9.7% of all 
patients with the CROMAgar method and in 9.2% with the PCR method and in 16.2%. The most statistically significant 
increase was seen in intensive care units with the CHROMAgar method (p < 0.05). Among Enterobacteriaceae species, 
Klebsiella pneumoniae (69.6%) was most frequently grown, followed by Escherichia coli (13.7%). There was no statisti-
cally significant difference between the groups in terms of CRE growth status and microorganism distribution in rectal 
swab samples of patients during hospitalization and hospital admission (p > 0.05). Among the CRE genes detected 
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by PCR, single genes were the most common. While OXA-48 positivity was detected in 113 (16.40%) of the patients, 
blaNDM was detected in 31 (4.50%), blaKPC was detected in 5 (0.73%) and bla VIM/IMP gene was detected in 5 (0.73%) 
of the others. Double gene positivity was observed in a single strain in 6 patients and blaKPC, blaNDM and blaOXA-48 
genes were positive together in a single strain in 3 patients. Infection developed in one or more foci resistant to car-
bapenem in 159 of the patients colonized with CRE during their hospitalization. The rate of infection development 
was lower in patients colonized by PCR compared to chromogenic agar.

Conclusion  The CRE colonization rate is high and should be closely monitored with infection control precautions. 
Although the detection rate of CRE colonization was higher with PCR, the rate of progression to infection in any 
focus during hospitalization was found to be lower detected with the CHROMAgar method. This situation showed 
that rapid detection of CRE colonization with PCR, early diagnosis and isolation are important. Klebsiella pneumoniae 
colonization was the most common causative agent. Co-production of 3 CRE genes (blaKPC + blaNDM + blaOXA-48) in 3 
patients in our hospital highlighted the importance of concerns about multi-resistant Enterobacteriaceae.

Keywords  Carbapenem-resistant Enterobacteriaceae, Klebsiella pneumoniae, Polymerase chain reaction, 
Enterobacteriaceae, Hospitalization

Introduction
Enterobacteriaceae are Gram-negative bacteria that are 
predominantly detected in soil, water, the intestines of 
humans and many animals. Although they are a com-
ponent of the flora, they can cause bacteremia, urinary 
tract infections (up to 70%), and intestinal infections [1]. 
Carbapenems are widely acknowledged for their efficacy 
in the management of multidrug-resistant infections. 
However, there is a mention in some studies of carbap-
enem resistance in infections caused by these bacteria 
[2].  Enterobacteriaceae hydrolyze carbapenem antibiot-
ics via their carbapenemases, a β-lactamase group. Three 
main classes of carbapenemases are prevalent in clini-
cal CRE isolates globally. These include class A (mostly 
KPC), class B (VIM, NDM and IMP) and class D (OXA-
48 and its variants, OXA-162 and OXA-181 etc.) [3, 4]. 
Carbapenemase genes in particular are carried by large 
conjugative plasmids, thus facilitating horizontal trans-
fer of carbapenem resistance among different bacterial 
strains and species. OXA-48 type carbapenemases have 
been identified mostly from North African countries, 
the Middle East, Turkiye and India, which constitute 
the most important reservoirs. KPC is the most com-
mon carbapenemase produced by Enterobacteriaceae 
[5]. It has also been reported to be the most common 
carbapenemase in the United States in a domestic study. 
In addition, outbreaks of NDM-producing Enterobacte-
riaceae have been reported [6, 7].

The global dissemination of CPE poses a significant 
concern for healthcare services worldwide [8–10]. 
Therapeutic options for CPE are limited and these 
bacteria demonstrate a strong capability to spread 
these resistance mechanisms [11]. Various measures 
are taken to prevent transmission of CPE in hospitals. 
These include the adoption of hospital screening and 
surveillance protocols alongside stringent infection 

control measures. In order to prevent the spread of 
these bacteria in hospitals, screening tests for rec-
tal CPE carriage are performed [12, 13] and colonized 
patients are actively monitored and isolated [14, 15]. 
Rectal CPE screening test methods such as the ertap-
enem disk method (on direct culture), ertapenem-con-
taining selective broth enrichment, and CHROMAgar™ 
KPC have been used and recommended for this pur-
pose. However, except for CHROMAgar™ KPC, iso-
lation times can reach 96 h and delays detection and 
treatment [16–18]. Rapid demonstration of carbapen-
emase gene mutations in rectal swab samples via PCR 
has been confirmed to have reasonable power to accu-
rately detect CPE carriers [19]. In recent years, CRE 
infections have increased in patients with comorbidi-
ties and in intensive care units. These cases are often 
severe and result in high mortality and morbidity rates, 
prolonged hospitalization, and higher management 
costs [2]. The prevalence of rectal colonization with 
CPE among patients has been previously reported, with 
rates ranging from 0.5% to 32.9% in various regions 
worldwide [20–25].

Data on the prevalence of CPE colonization from Tür-
kiye are limited. No previous study has been conducted 
on rectal CRE colonization in our hospital. This study 
was designed as the first study. We aimed to analyze the 
prevalence of CPE colonization, common Enterobacte-
riaceae species, and the distribution of detected genes 
in rectal swab samples obtained from patients during 
and after hospitalization at a tertiary healthcare institu-
tion in Istanbul by PCR and CHROMAgar methods. We 
also investigated the prevalence of developing a focus 
of infection due to carbapenem-resistant Enterobacte-
riaceae bacteria in patients with any CRE colonization 
during hospitalization and compared the rates of infec-
tion development among patients diagnosed with rectal 
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colonization by CHROMAgar and PCR. We observed the 
effect of early diagnosis of rectal carriage on the rate of 
infection development.

Material and methods
Data sources
This study was conducted as a retrospective study in the 
Department of Medical Microbiology at the 2648-bed 
Başakşehir Çam Sakura City Hospital. All patients who 
were hospitalized and treated as inpatients between from 
January 2021 to December 2023 and who were asked for 
CRE screening in rectal swab samples by culture and 
PCR method were included in the study. The ages and 
genders of the patients included in the study, the clinic 
from which the tests were requested, whether the tests 
were requested during outpatient clinic application or 
during inpatient treatment, the CRE results in the rec-
tal swab culture test requested for each patient, and the 
carbapenem resistance gene results obtained by PCR 
in the rectal swab sample were obtained from the hos-
pital automation system. In addition, bacterial growth 
and antimicrobial results were recorded in any culture 
material such as urine, wound, blood, sterile body fluid, 
and tracheal aspirate taken during hospitalization of all 
patients to screen whether CRE-positive patients devel-
oped a carbapenem-resistant infection focus during their 
hospitalization.

Upon admission to the hospital
It defines the patient group that undergoes rectal CRE 
colonization testing in patients who are referred from 
another hospital and admitted to our hospital or in 
patients who have not yet been admitted to our hospital 
but are planned to be admitted to the hospital.

During hospitalization
It defines the group of patients who are hospitalized in 
our hospital and have been tested for CRE colonization 
at any time.

Our hospital’s rectal CRE colonization test policy
In our hospital; CRE screening test using the CHRO-
MAgar culture method on rectal swabs is performed in 
all patients. The PCR method is only used in more criti-
cal patient groups such as liver transplant units. Because, 
ESCMID; “According to local epidemiology, we recom-
mend rectal screening to identify CRE carriers before 
liver transplant surgery” and “According to local epide-
miology, it would be good clinical practice to screen all 
solid organ transplant recipients for CRE before surgery” 
[26] definitions were used by liver transplant clinics and 
received administrative permission.

In addition, contact precautions are taken for rec-
tal CRE carriers in our hospital. For this; patient iso-
lation, case communication, more care in nursing 
care, comprehensive environmental cleaning etc. are 
implemented.

CRE colonization test study using culture method in rectal 
swab sample
Rectal swab samples taken from all patients are inocu-
lated on chromogenic agar plates (Chromogenic KPC 
Agar, RTA, Turkey) using the direct plating method 
in our microbiology laboratory, incubated in a 37 °C 
incubator for 18–24 h. Identification of Gram-negative 
organisms grown on selective medium is performed 
using Matrix-assisted laser desorption/ionization 
time-of-flight mass spectrometry (MALDI-TOF MS, 
EXS2600, Zybio, China). For Enterobacteriaceae group 
bacteria, isolates are prepared again at 0.5 McFarland 
standard turbidity and tested for carbapenem resist-
ance using the disk diffusion method with 10 µg disks 
on Mueller–Hinton agar. Zone diameter measure-
ments are evaluated in accordance with EUCAST cri-
teria and carbapenem resistance is defined. (EUCAST 
recommends a threshold zone diameter of < 28 mm if 
meropenem is to be used as a screening test for car-
bapenemase production) CDC define meropenem as 
“the most balanced in terms of sensitivity and specific-
ity” among all Carbapenemase in the CRE screening 
test. For this reason, meropenem is preferred in CRE 
screening tests in our clinic [27].

CRE colonization test study using PCR method in rectal 
swab sample
Rectal swab samples sent to our laboratory were studied 
using the real-time PCR method (BD MAX Check-Points 
CPO test company USA) Carbapenem resistance genes 
bla KPC, blaNDM, blaVIM/blaIMP and blaOXA-48 were deter-
mined. The study protocol was carried out according to 
the manufacturer’s recommendations and is summarized 
as follows: Rectal swab samples taken with dry swabs 
were homogenized and transferred to a buffer tube. The 
buffer tube was quickly transferred and placed in the 
instrument, which performed automatic bacterial cell 
lysis, DNA extraction and concentration, reagent dehy-
dration, nucleic acid amplification and real-time PCR to 
detect the target nucleic acid sequence. Amplification 
targets were detected using hydrolysis probes labeled 
with quenched fluorophores. Positive and negative con-
trols underwent the same procedures for each test. Signal 
amplification, detection and interpretation were per-
formed automatically by the instrument.
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Investigation of infection foci developing 
during hospitalization in patients with rectal colonization
In patients with positive CRE colonization in rectal swab 
samples, it was investigated whether a focus of infection 
developed at any time from hospitalization to discharge.

The fact that the bacteria grown in the patient’s focus 
of infection were the same as those grown in his own 
rectal swab sample and that meropenem resistance was 
detected in his antimicrobial susceptibility profile sug-
gested that the focus of infection may have originated 
from his own rectal microbiota. Therefore, all culture 
samples sent to our microbiology laboratory from these 
patients, such as urine, wound, blood, sterile body fluids 
and tracheal aspirate, and the antimicrobial susceptibility 
profiles of those with growth were examined.

Those sensitive to meropenem were not included in 
the study. In addition, Gram-negative and Gram-positive 
bacteria grown outside the Enterobacteriaceae family and 
their antimicrobial results were not taken into account. 
Repeated tests for the same patient were excluded.

Cultures requested from any focus; Each culture 
request was cultured according to the recommendations 
of classical microbiology guidelines. Identification of 
microorganisms growing to the species level in each cul-
ture was performed using the MALDI-TOF MS Antibi-
otic susceptibility testing was performed with a Phoenix 
M50 (Bruker Daltonics, USA) instrument with a Gram-
negative panel for each Enterobactericea family bacteria 
identified.

Statistical analysis
The data of the study were analyzed using SPSS Version 
26.0 statistical package program (IBM Corp. Released 
2019. IBM SPSS Statistics for Windows, Version 26.0. 
Armonk, NY: IBM Corp.). Categorical variables were 
presented as numbers and percentages; continuous vari-
ables were presented as “mean ± standard deviation” and 
“median (minimum–maximum)” values. In comparisons 
between groups, Fisher’s Exact Test and Chi-Square Test 

were used for categorical variables. Kolmogorov Smirnov 
test was used as the normality test, and since the con-
tinuous variable was not distribued normally, Mann–
Whitney u test was used for continuous variables. The 
statistical significance level was accepted as “p < 0.05”.

Results
Our study is a retrospective study. A total of 3953 
patients who were screened for CRE colonization in rec-
tal swab samples were included in the study. The mean 
age of the patients was 42.9 ± 30.1, the median was 51 
(minimum 0-maximum 108), and 58.1% were male. There 
was no difference in age and gender distribution between 
screening tests performed during hospital admission and 
during hospitalization (p > 0.05) (Table 1).

All 3953 patients were screened for CRE coloniza-
tion using the CHROMAgar culture method, and only 
500 were screened for CRE colonization using the PCR 
method. CRE colonization positivity using the CHRO-
MAgar method was higher in intensive care clin-
ics (ICU) at a rate of 10%, and lower in other clinics at 
a rate of 6.7%. This rate was statistically significant (p < 
0.05). Among intensive care patients; CRE positivity rate 
in pediatric ICU patients was higher than in other ICU 
units (p < 0.05). Among clinics outside the intensive care 
unit, CRE positivity rate was higher in patients hospital-
ized in the gastroenterology clinic (33.3%) and statisti-
cally significant (p < 0.05) (Table 2).

CRE colonization test screening with PCR test method 
was performed only in the liver transplantation clinic in 
our hospital, as it is a test allowed to be performed only 
in these clinics.

CRE screening was performed in rectal swab culture 
with CHROMAgar in 3953 of all patients. 3588 (90.8%) of 
these patients were CRE negative, and 365 patients (9.2%) 
were CRE positive. The most commonly detected micro-
organism was Klebsiella pneumoniae (69.6% of CRE 
positive patients), and the second was Escherichia coli 
(13.7%). There was no statistically significant difference 

Table 1  Basic descriptive characteristics of patients

a Colon percentage
b Mann-Whitney U test (Upon admission to the hospital and During hospitalization were compared)

All patients (n = 3953) Upon admission to the hospital 
(n = 66) (1.7%)

During hospitalization (n = 
3887) (98.3%)

p

Age

  Mean ± SD 42,9 ± 30,1 38,3 ± 17,6 42,9 ± 30,3 0,063b

  Median (min–max) 51,0 (0–108) 35,5 (2–75) 52,0 (0–108)

Sex n (%)a

  Male 2297 (58,1) 40 (60,6) 2257 (58,1) 0,708b

  Female 1656 (41,9) 26 (39,4) 1630 (41,9)
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between the groups in terms of CRE growth and micro-
organism distribution in the CHROMAgar test of Upon 
admission to the hospital and durring hospitalization (p > 
0.05) (Table 3).

Of all patients, only 500 had CRE screening test 
by PCR in rectal swab samples. CRE colonization 

positivity was detected in 81 of these patients (16.2%). 
These 81 patients, the “blaKPC” gene 6.1%, the “blaNDM” 
gene 21.0%; the “blaOXA-48” gene 84.0%, and the 
“blaVIM/blaIMP” gene 2.5%; was positive. More than 
one gene was detected in nine bacterial isolates. These 
were; In one patient, the “blaKPC” and “blaOXA-48” genes 

Table 2  CRE positivity according to general characteristics of the patients according CHROMAgar metod and PCR metod

a The percentage of CRE positive is given
b Chi-square test
c Fisher’s exact test
d Incalculable

                                                                       CROMAgar culture test                                                              PCR 
test

All patients (n = 3953) Upon admission 
to the hospital 
(n = 66)

During 
hospitalization 
(n = 3887)

Upon admission 
to the hospital 
(n = 65)

During 
hospitalization 
(n = 435)

N / n (%)a N / n (%)a N / n (%)a N / n (%)a N / n (%)a

Sex

  Male 2297/ 199 (8.7) 40 / 0 2257 /199 (8.8) 38 / 5 (13.1) 238 /44 (18.48)

  Female 1656 / 166 (10.0) 26 /3 (11.5) 1630 /163 (10.0) 27 / 3 (11.1) 197 /29 (14.7)

p = 0.148b p = 0.057c p = 0.116c p = 0.999c p = 0.299b

Clinic

  Intensive care 3030/303 (10.0)

    General intensive care 1840 / 202 (11.0) - 1840 / 202 (11.0) 1 / 1 (100.0) -

    Pediatric intensive care 382 / 26 (6.8) - 382 / 26 (6.8) 2 / 0 -

    CVS intensive care 260 / 8 (3.1) - 260 / 8 (3.1) - -

    Pandemic intensive care 104/ 5 (4.8) - 104/ 5 (4.8) - -

    Pediatric cardiac intensive care 313 / 58 (18.5) - 313 / 58 (18.5) - -

    Burn intensive care unit 100 / 1 (1.0) - 100 / 1 (1.0) - -

    Liver transplant intensive care unit 14 / 0 - 14 / 0 - 15 / 0

    Neurology intensive care 14/ 1 (7.1) - 14/ 1 (7.1) - -

    Palliative care 3 / 2 (66.7) - 3 / 2 (66.7) - -

p < 0.0001b - p < 0.0001b pd pd

  Other 923/62 (6.7)

    Liver, bile duct, pancreas surgery 
clinic

352 / 25 (7.1) 64 / 3 (4.7) 288 / 22 (7.6) 55 / 4 (7.2) 298 / 54 (18.2)

    Pediatric cardiology 213 / 15 (7.0) - 213 / 15 (7.0) - -

    Pediatric cardiovascular surgery 171 / 9 (5.3) - 171 / 9 (5.3) - -

    Liver transplant 111 / 2 (1.8) - 111 / 2 (1.8) - 112 / 17 (15.1)

    Pediatric bone marrow transplant 27 / 2 (7.4) - 27 / 2 (7.4) 1 / 0 -

    General surgery 10 / 2 (20.0) 1 / 0 9 / 2 (22.2) 1 / 0 -

    Gastroenterology 6 / 2 (33.3) - 6 / 2 (33.3) 5 /3 (60.0) -

    Burn unit 6 / 0 - 6 / 0 - -

    Pediatric gastroenterology 5 / 0 - 5 / 0 - -

    Neurosurgery 5 / 1 (20.0) - 5 / 1 (20.0) - -

    Internal medicine 4 / 2 (50.0) - 4 / 2 (50.0) - 1 /1 (100)

    Pediatric diseases 2 / 0 - 2 / 0 - -

    Child emergency 2 / 0 1/ 0 1 / 0 - -

    Other 9 / 2 (22.2) - 9 / 2 (22.2) 9 / 1 (11.1)

p = 0.002b p = 0.952c p = 0.002b pd pd
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were positive together, In five patients, the “blaNDM” 
and “blaOXA-48” genes were positive together. In three 
patients, the blaKPC, blaNDM and blaOXA-48 genes were 
positive together (Table 3).

There were 31 patients whose CHROMAgar and PCR 
test samples were taken simultaneously and had CRE 
growth. Klebsiella pneumoniae grew in 21 of these 
patients; blaKPC was found in 19%; blaNDM was found in 
28.6%; blaOXA-48 gene was found to be positive in 66.7%. 

Escherichia coli grew in seven patients; blaKPC was 
found in 14.3%; blaNDM was found in 14.3%; blaOXA-48 
was found in 71.4% and blaVIM/blaIMP gene was found 
to be positive in 14.3%. “Klebsiella variicola and Escher-
ichia coli” grew together in one patient. The blaOXA-48 
gene was positive in one patient with co-growth of 
“Escherichia coli and Klebsiella pneumoniae” and in 
one patient with growth of Klebsiella oxytoca. No sta-
tistically significant relationship was found between 

Table 3  Rectal swab culture and PCR screening test results

a Column percentage
b Fisher’s Exact test Upon admission to the hospital and During hospitalization were compared)

All patients
(n = 3953)
n(%)a

Upon admission 
to the hospital (n = 66)
n(%)a

During hospitalization
(n = 3887)
n(%)a

p

CRE results with CHROMAgar

  Negative 3588 (90.8) 63 (95.5) 3525 (81.7) 0,128c

  Positive 365 (9.2) 3 (4.5) 362 (9.3)

    Klebsiella pneumoniae 254 (69.6) 2 (66.7) 252 (9.6) 0,999b

    Escherichia coli 50 (13.7) - 50 (13.8)

    Escherichia coli + Klebsiella pneumoniae 22 (5.9) 1 (33.3) 21 (5.8)

    Enterobacter cloacae 8 (2.2) - 8 (2.2)

    Klebsiella oxytoca 5 (1.4) - 5 (1.4)

    Enterobacter hormaechei 4 (1.1) - 4 (1.1)

    Klebsiella aerogenes 4 (1.1) - 4 (1.1)

    Klebsiella pneumoniae + Proteus mirabilis 3 (0.9) - 3 (0.8)

    Enterobacter kobei 2 (0.5) - 2 (0.6)

    Proteus mirabilis 2 (0.5) - 2 (0.6)

    Serratia marcescens 2 (0.5) - 2 (0.6)

    Aeromonas hydrophila 1 (0.3) - 1 (0.3)

    Citrobacter koseri 1 (0.3) - 1 (0.3)

    Raoultella ornithinolytica 1 (0.3) - 1 (0.3)

    Enterobacter kobei + Escherichia coli 1 (0.3) - 1 (0.3)

    Escherichia coli + Klebsiella oxytica 1 (0.3) - 1 (0.3)

    Klebsiella aerogenes + Klebsiella pneumoniae 1 (0.3) - 1 (0.3)

    Klebsiella pneumoniae + Enterobacter cloacae 1 (0.3) - 1 (0.3)

    Klebsiella voricola + Escherichia coli 1 (0.3) - 1 (0.3)

    Klebsiella pneumoniae + Escherichia coli + Citrobacter 
freundii

1 (0.3) - 1 (0.3)

CRE test results by PCR All patients
(n = 500,)
n(%)a

Upon admission 
to the hospital (n = 64)
n(%)a

During hospitalization
(n = 436)
n(%)a

p

Negative 419 (83.8) 56 (87.5) 363 (83.3) 0.254b

Positive 81 (16.2) 8 (12.5) 73 (16.7)

  blaKPC 5 (6.1) - 5 (1.1) 1.000b

  blaNDM 17 (21.0) 1 (1.6) 16 (3.7) 0.710b

  blaOXA-48 68 (84.0) 7 (10.9) 61 (14.0) 0.696b

  blaVIM/blaIMP 2 (2.5) - 2 (0.5) 1.000b

    blaKPC + blaOXA-48 1 - 1

    blaNDM + blaOXA-48 5 - 5

    blaKPC + blaOXA-48 + blaNDM 3 - 3
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CRE-producing bacteria and gene distribution (p > 
0.05) (Table 4).

In the rectal swab samples of all 3953 patients, there 
were 365 CRE positive patients with CHROMAgar cul-
ture method, 81 with PCR and 31 with both methods. 
The total number of CRE positives was 384. The CRE 
positivity rate was found to be 9.7% in all these patients.

Table  5 presents the comparative results of patients 
with positive CRE colonization in CHROMAgar and 
PCR methods who developed infection in any focus. 
The data in that table reveal that the rate of developing 
infection during hospitalization was 19.8% in those with 
positive CRE detection only by PCR method and 43.6% in 
those with positive CRE detection only by CHROMAgar.

Discussion
Identifying and isolating CPE carriers among hospital-
ized patients is important to prevent the spread of seri-
ous infections, especially in hospital settings [15, 28]. 
Phenotypic tests show limitations such as low sensitiv-
ity and/or specificity and/or time consumption and/or 
difficulty in interpretation and cannot detect all carbap-
enemase types [19, 29]. Rapidly detecting CRE carriers 
is crucial because it has important clinical implications, 
such as implementation of infection control measures 
[23].

In our study, CRE screening was performed in rectal 
swabs of 3593 patients over a 2-year period. CRE colo-
nization was detected in 9.7% patients with both meth-
ods. Rectal swab samples were sent mostly from intensive 
care units and CRE positivity was seen mostly in these 
groups. It was found to be statistically significant (p < 
0.05). Many studies investigating the frequency of CRE 
colonization reported that it was most common in inten-
sive care units, drew attention to risk factors, and strictly 
implemented infection control measures were mentioned 
[23]. Yamamoto et al. [24] reported 12.2% CRE carriage 
(in stool sample screening) in hospitalized patients. Zhao 
et  al. [25] determined a stool carriage rate of 2.6% for 
CRE among hospitalized patients in China. Huang et al. 
[30] defined the CRE rate as 9.6% on average in their mul-
ticenter study.  There are studies from Turkey reporting 
CRE colonization rates and high risk of spread [31–35]. 
Some of these studies; Zarakoğlu et al. [34] reported CRE 
colonization as 6.8% in patients in a university hospital, 
Perçin et al. [35] reported CRE carriage as 2.5% in rectal 

Table 4  Analysis of CRE-produced enterobacteria and PCR results with simultaneously taken CHROMAgar test

a Row percentage
b Colon percentage
c Fisher’s exact test

Enterobacteriaceae grown in 
CHROMAgar test

Carbapenemase resistance in rectal swabs by PCR method

blaKPC 
n = 4 
(%)a

(%)b

blaNDM 
n = 8
(%)a (%)b

blaOXA-48 
n = 21 
(%)a

(%)b

blaVIM/blaIMP
n = 1 (%)a (%)b

blaKPC 
 +  
blaOXA-48 
n = 1 
(%)a

(%)b

blaNDM 
 +  
blaOXA-48 
n = 1 
(%)a

(%)b

blaKPC 
 +  
blaOXA-48 
 +  
blaNDM 
n = 2 
(%)a

(%)b

Klebsiella pneumoniae (n = 21) 4 (19.0) (100.0) 6 (28.6) (75.0) 14 (66.7) (66.6) - 1 (4.8) (100.0) 2 (9.5) (100.0) 2 (9.5) (100.0)

Escherichia coli (n = 7) - 1 (14.3) (12.5) 5 (71.4) (23.8) 1 (14.3) (100.0) - - -

Klebsiella voricola + Escherichia coli 
(n = 1)

- 1 (100.0) (12.5) - - - - -

Escherichia coli + Klebsiella pneumoniae 
(n = 1)

- - 1 (100.0) (4.7) - - -

Klebsiella oxytoca (n = 1) 1 (100.0) (4.7) - - -

Pc 0.701 0.387 0.540 0.471 - - -

Table 5  Status of infection focus development in patients with 
positive carbapenem-resistant Enterobacteriaceae colonization, 
as determined using CHROMAgar and PCR methods

N Carbapenem-resistant 
infection at any focus

Infection(+)
n(%)

Infection (-)
n(%)a

CRE positive patients by CHROMAgar 365 159 (43.6) 206 (56.4)

CRE positive patient by PCR method 81 16 (19.8) 65 (80.2)

CRE positive patient by PCR method 
+ by CHROMAgar

31 16 (51.6) 15 (48.3)
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swab screening in patients. These studies have shown 
that CRE colonization in rectal swabs may have differ-
ent carriage rates in each region, center and even clinic. 
This difference may depend on the characteristics of the 
inpatients in the clinics, the infection control measures 
implemented and antibiotic use policies.

In our study, CRE carrier status was detected in 9.2% 
with CHROMAgar and in 16.2% with PCR screening test. 
Although the PCR test was studied in fewer patients than 
the CHROMAgar test number, the CRE colonization 
rate is higher. When the reason for this was examined, 
it was found that PCR screening test was only allowed 
to be used in special patients such as organ transplanta-
tion units in our hospital. This may be due to the higher 
number of hospital stays in the patient group in whom 
rectal CRE screening test with PCR was requested and 
the possibility of more predisposing factors such as anti-
biotic use and steroid use. In addition, in the screening 
test performed with the culture method, beta-lactamase 
producing microorganisms such as Pseudomonas aer-
uginosa, Pseudomonas putida, Acinetobacter bauman-
nii, which grow outside the Enterobacteriaceae family, 
were detected but were not included in our records. The 
fact that gene positivity for these Gram negatives was 
detected in our PCR test may have increased the CRE 
positivity rate.

In our study, the most common microorganism show-
ing CRE colonization detected in rectal swab samples 
was Klebsiella pneumoniae (69.6%), followed by Escheri-
chia coli (13.7%), and Enterobacter cloacae (2.2%). Others 
were Klebsiella oxytoca (1.4%), Enterobacter hormaechei, 
Klebsiella aerogenes, Enterobacter kobei (1.1%), Proteus 
mirabilis, Serratia marcescens, Aeromonas hydrophila, 
Citrobacter koseri, Raoultella ornithinolytica (0.5%). 
Enterobacteriaceae species with high CRE frequency 
were found to be K. pneumoniae and E. coli, similar 
to many studies conducted in Türkiye and abroad [2, 
35–38].

In our study, carbapenemase gene screening by PCR 
was performed on 500 patients. CPE gene positivity was 
found in 81 of these patients (16.2%). The “blaOXA-48” 
gene was the most prevalent, with a rate of 84%, followed 
by “blaNDM” (21.0%), “blaKPC” (6.1%) and “blaVIM//IMP” 
(2.5%) genes. Although the most common carbapen-
emase in our country is OXA-48, different carbapen-
emases have also been reported [36–38]. In this study, 
similar to the studies conducted in our country, the most 
common gene was “blaOXA-48”. In addition, “blaKPC” and 
“blaOXA-48” genes were positive in four patients, and 
“blaNDM” and “blaOXA-48” genes were positive together. 
There are studies in our country showing that these two 
genes were detected in a single strain, and similar reports 
abroad [39–41].

When the genes detected in PCR screening with Enter-
obacteriaceae growing with CHROMAgar in the same 
patient were examined; The frequency of all genes; blaKPC 
was seen only in K. pneumoniae with 100%. blaOXA-48; 
66.6%, 23.8%, blaNDM; 75%, 12.5% ​​were seen in K. pneu-
moniae and E.  coli, respectively. When the distribution 
of genes among bacteria was evaluated statistically, it was 
not found to be significant (p > 0.05). The rates detected 
in our study were similar to the studies conducted in our 
country and the blaOXA-48 gene was most frequently iden-
tified in K. pneumoniae [22, 42].

Interestingly, in our study, we had three patients in 
whom blaKPC, blaNDM and blaOXA-48 genes, which have 
not been reported before in İstanbul/Turkiye, were 
detected in a single strain (two K. pneumoniae, the other 
one was not identified as a microorganism). One of these 
patients was a general intensive care patient and the other 
was a hepatobiliary surgery clinic patient due to a cancer 
diagnosis. There was no growth in the CHROMAgar cul-
ture of one patient but these three genes were detected 
by PCR and he was a general intensive care patient. 
Carbapenem-resistant K. pneumoniae was grown in the 
blood culture during the hospital stay. The presence of 
these 3 genes in a single strain may cause increased con-
cerns. Because the co-production of carbapenemases 
from different classes is clinically and epidemiologically 
important and can cause multidrug resistance in infec-
tions and infections are associated with high mortal-
ity rates [42, 43]. There are several studies reporting the 
co-occurrence of these three genes in our country and 
abroad [44–46]. In addition, there has been a very intense 
migration to Istanbul since 2011 due to war and socio-
economic reasons. Therefore, our hospital is a large hos-
pital that accepts foreign patients and undertakes their 
diagnosis and treatment. It is also possible that combi-
nations of carbapenemase-producing genes may emerge 
through patients coming from different geographical 
regions.

Given that CRE colonization is an independent risk 
factor for CRE infection, asymptomatic CRE carriers 
are generally at risk for subsequent CRE infections [21]. 
Another aim of this study was to investigate whether 
meropenem-resistant infection developed among CRE 
carrier patients in our hospital from the day of hospi-
talization to the day of discharge and A meropenem-
resistant infection focus was detected in 39.2% of CRE 
colonization-positive patients. n a study from Jordan, 
the incidence of CRE infections was 41.3% [47], in a sys-
tematic review analyzing CRE colonized patients, the 
cumulative rate of subsequent infections was 16.5% [48] 
and another study showed that 36.09% of CRE coloniza-
tions progressed to infection [49]. In our study, although 
it is difficult to say that the meropenem-resistant CRE 
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infection developed in the patients directly developed 
from their own colonized bacteria, the rate found is 
similar to other studies. When we compared the rates of 
meropenem-resistant infection developing in CRE posi-
tive patients with PCR and CHROMAgar methods, they 
were 19.8% and 43.6%, respectively. The rate of develop-
ing carbapenem-resistant infection was found to be lower 
in patients diagnosed with PCR method. This result may 
have been obtained due to reasons such as rapid diag-
nosis with the PCR method, ensuring patient isolation, 
and stricter application of infection control measures 
by patient care personnel. In a study where cost-effec-
tiveness studies were conducted, it was reported that 
early diagnosis with PCR was more effective [50]. It 
was thought that the most appropriate models for CRE 
screening tests should be performed in our center in 
order to identify patients at high risk of infection among 
CPE carriers and to facilitate the establishment of evi-
dence-based management guidelines.

As a result, the frequency of CRE rectal colonization in 
our hospital is 9.7%. It was found at a high rate in inten-
sive care units and was evaluated as statistically signifi-
cant (p = 0.05). This rate is higher than many centers. The 
most common isolated microorganisms from the CRE 
were K. pneumoniae and the second most common was 
E. coli. Among the resistance genes, the blaOXA-48 gene, 
which is the most frequently identified gene in Turkiye, 
is also the most frequently seen gene in our center, and 
the second most frequently seen gene was blaKPC. Unlike 
many centers, multiple genes were detected in a single 
bacterium in our hospital. Most strikingly, CRE coloniza-
tions containing the blaKPC. + blaOXA-48 + blaNDM genes in 
a single strain were detected in three separate patients. 
In our hospital, infection control measures need to be 
reviewed urgently or it is recommended to monitor how 
much attention is paid to infection control measures 
by the staff. During hospitalization, the development of 
carbapenem-resistant infections at various focuses was 
higher in patients diagnosed with CRE colonization with 
CHROMAgar than in patients diagnosed with PCR.

Limitations
The study has all the limitations of a retrospective sin-
gle-center study. CRE screening test with PCR is not 
a routine practice for all hospitalized patients in our 
hospital. It is routinely applied in the liver and biliary 
tract diseases unit and transplantation unit, Therefore, 
our results could only be compared with 500 patients 
for whom PCR was requested. CRE colonization test 
was not requested for all patients at the time of admis-
sion to the hospital. Patients in whom CRE coloniza-
tion was not detected were not followed up regularly. 
For this reason, it could not be determined on which 

day of hospitalization the CRE positivity was positive. 
Rectal screening test was not performed on some CRE 
colonization-positive patients at the time of admis-
sion to the hospital. Therefore, it could not be distin-
guished whether the patients with CRE carrier status 
were actually positive at the time of admission to the 
hospital or became positive after hospitalization. Since 
it was a retrospective study, predisposing effects could 
not be learned because the patients’ past disease his-
tory, antibiotic use during hospitalization, and other 
reasons could not be taken into account. Since the past 
history of the outpatients was unknown, it could not be 
defined whether it was community-acquired or not. In 
addition, a comparison using molecular methods could 
not be made to determine whether the Enterobacte-
riaceae produced in the carbapenem-resistant infec-
tion foci that developed in the patients were the same 
as the Enterobacteriaceae species detected in their CRE 
colonization.

Conculations
Although CRE colonization was found to be higher in 
the patient group where the PCR method was applied, 
the low development of carbapenem-resistant infec-
tion foci shows the importance of early diagnosis and 
isolation. In addition, the co-existence of 3 CRE genes 
(blaKPC + blaNDM + blaOXA-48) in 3 patients two of whom 
was identified as K. pneumoniae) may cause multidrug-
resistant outbreaks in clinics, considering that resist-
ance genes can be transferred to other Gram-negative 
bacilli, including Enterobacteriaceae. Our study has 
shown that cost-effectiveness analyses should be per-
formed on rectal swab samples and algorithms for 
effective and rapid diagnostic methods should be 
developed.
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