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Abstract
Aim: In recent years, carbapenem-resistant enteric gram-negative bacilli in intensive care units and their emergence as an important pathogen causing 
morbidity and mortality have been remarkably increasing. Considering that colonisation occurs primarily in Intensive Care Unit patients, we decided to perform 
a prospective surveillance study to investigate carbapenemase-producing Enterobacteriaceae in rectal swab samples.
Methods: The patients were enrolled on admission to Intensive Care Units from the 1st of February to the 15th of May 2014. The rectal swabs were taken 
within the first 48 hours and then weekly during hospitalization. Rectal swab samples were plated on chromID CARBA (bioMérieux) chromogenic agar plates. 
The next day detected colonies were named according to their colors. At the same time, VITEK2 automated system identification was performed, and MIC 
values for carbapenems were determined by the E-test method. During the study period, 204 samples from 104 patients were evaluated.
Results: Only 2 of the patients (1.9%) had initial rectal swab samples positive for carbapenemase-producing Enterobacteriaceae. Overall, during the 
hospitalization period, 6 patients (5.8%) were screened as carbapenem-resistant Enterobacteriaceae. One of the isolates (16.7%) was identified as E.coli, the 
others were Klebsiella pneumoniae (83.3%). Urine cultures of 2 patients were also detected as carbapenemase-producing Enterobacteriaceae. As a result, 2% 
of patients followed up in our Intensive Care Units had carbapenemase-producing Enterobacteriaceae in rectal swab cultures on admission.
Conclusion: Screening Intensive Care Units with rectal swabs for colonization will provide us with early infection control and appropriate empiric therapies.
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Introduction
In recent years, the emergence of carbapenem-resistant enteric 
gram-negative bacilli as significant pathogens in intensive care 
units and the associated increase in morbidity and mortality 
have been striking. With new medical and surgical procedures, 
hospital infections are occurring more frequently and are 
increasingly important due to their rising costs and associated 
mortality, and the legal liabilities they entail are now part of our 
ongoing concerns.1,2 The primary role in the growing mortality 
associated with hospital infections is played by the increasing 
incidence of multidrug-resistant (MDR) microorganisms as 
causative agents. Over the past 20 years, while there has 
been a noteworthy increase in both gram-positive and gram-
negative MDR bacteria, very few new antimicrobial drugs 
have been introduced.3 Carbapenems have become the last 
line of defense in treating infections caused by such bacteria. 
However, in recent years, carbapenem- resistant enteric gram-
negative bacilli have become prominent among healthcare-
associated pathogens worldwide.4,5 Carbapenemase-producing 
strains are not only capable of hydrolyzing carbapenems but 
are also resistant to a range of other antibiotics. Effectively 
treating infections caused by these pathogens presents a 
significant challenge for clinicians.5 Most infections originating 
in the intensive care unit (ICU) are preceded by colonization 
of the patient by the responsible microorganisms. Screening 
stool samples or rectal/perirectal swabs provides more 
meaningful results than screening other body sites.6 Presuming 
that colonization occurs first in patients, this prospective 
surveillance study was conducted to investigate the presence—
and, if present, the incidence—of carbapenemase-producing 
Enterobacteriaceae in rectal swab samples from patients 
followed up in our ICUs.

Materials and Methods
This study was planned as a prospective, targeted, active 
surveillance study. Patients aged ≥ 18 years who were admitted 
to the Intensive Care Units (Central, Emergency, and Palliative 
Intensive Care Units) of Istanbul Dr. Lütfi Kırdar Kartal Training 
and Research Hospital between February 1 and May 15, 2014, 
were included in this study. Within the first 48 h of admission, 
rectal swab samples were collected from the patients, and 
case report forms were filled out to record patient information 
(age, sex, admission diagnosis, length of stay in the intensive 
care unit, comorbid diseases, and history of antibiotic use in 
the past month). Weekly rectal swab samples were collected 
from patients throughout their ICU stay. Rectal swab samples 
were examined for carbapenem-resistant gram-negative 
bacilli. The results of the rectal swab cultures, infections that 
developed during their stay in the ICU, infectious agents and 
their antibiotic susceptibilities, antibiotics used, and invasive 
procedures performed were all recorded. The relationship 
between colonization and the development of infection was 
investigated.Rectal swab samples were transported to the 
central microbiology laboratory using Stuart transport medium 
and immediately inoculated onto chromID CARBA (bioMérieux) 
agar plates, which are chromogenic media. After incubation at 
35 ± 2°C for 18-24 hours, the plates were individually assessed 
for growth. Colonies growing on the plates were identified by 

color according to the manufacturer’s instructions. The same 
colonies were identified using the VITEK 2 automated system 
with GN-ID and GN09 (bioMérieux) cards. After identification 
and antibiogram, the MIC (Minimum Inhibitory Concentration) 
values for imipenem, ertapenem, and meropenem were 
recorded. The MIC values were interpreted according to CLSI 
(Clinical Laboratory Standards Institute) 2012 criteria.All KPC- 
producing strains isolated from rectal swabs were subjected 
to the Modified Hodge test. A suspension was prepared from 
the E. coli ATCC 25922 strain according to 0.5 McFarland 
standards. An antibiogram was prepared using Mueller-Hinton 
agar (MHA) medium. After the medium was allowed to dry 
for 10-15 minutes, a 10 µg ertapenem disk was placed at the 
center of the plate. The strains to be tested were streaked from 
the periphery towards the center along the four sides of the 
plate with a loop. After incubation at 35 ± 2°C for 18-24 hours, 
any distortion or cloverleaf-shaped zone of inhibition around 
the disk was considered positive.

Ethical Approval
This study was approved by the Ethics Committee of Dr. Lütfi 
Kırdar Kartal Training and Research Hospital (Date: 2014-02- 
11, No: 22).

Statistical Analysis
Data obtained from the study were recorded into the SPSS for 
Windows 15.0 program and statistically analyzed. In the study, 
descriptive statistics including frequency, ratio, median, mean, 
and standard deviation were used.

Reporting Guidelines
This study was designed and reported in accordance with the 
STROBE guidelines for observational studies.

Results
During the study period, 104 patients were included, and 204 
swab samples were assessed. Of these patients, 41 (39.4%) 
were monitored in the emergency intensive care unit, 37 
(35.6%) in the central intensive care unit, and 26 (25%) in the 
palliative care unit. 51 patients (49%) were admitted to the ICU 
from home, 36 (34.6%) from surgical clinics, 12 (11.5%) from 
internal medicine clinics, and 5 (4.8%) from other hospitals. 
Of the patients included in the study, 68 (65.4%) were male 
and 36 (34.6%) were female, with a mean age of 61.1 ± 18 
(median age 65). Among the patients, 41 had cardiovascular 
disease, 35 had malignancy, 21 had diabetes mellitus, 17 had 
chronic obstructive pulmonary disease, 11 had cerebrovascular 
events, 7 had chronic renal failure, and 2 had collagen tissue 
disease; one patient each had splenectomy, trauma, and burn 
as comorbidities. Eight patients had a history of surgical 
intervention within the last month, and 32 (30.8%) had a 
history of antibiotic use within the last month. The admission 
diagnoses to the ICU were: respiratory failure in 29 patients 
(27.9%), pneumonia in 18 (17.3%), intracranial hemorrhage 
in 15 (14.4%), postoperative follow-up in 12 (11.5%), acute 
abdomen in 10 (9.7%), trauma in 7 (6.7%), cerebrovascular event 
in 4 (3.8%), gastrointestinal bleeding in 2 (1.9%), and hypoxic 
encephalopathy, drug intoxication, diabetic ketoacidosis, 
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Guillain-Barre syndrome, urinary tract infection, and burn in 
one patient each. During their ICU stay, 47 patients (45.2%) 
had a central venous catheter placed: 22 (46.8%) subclavian, 17 
(16.3%) jugular, and 8 (7.7%) femoral catheters. During the ICU 
follow-up, 52 patients (50%) died. Twenty-five (24%) patients 
were still being monitored in the ICU at the end of the study 
period. Twenty-five (24%) were transferred to the relevant 
clinics. Two (1.9%) patients were discharged in good health. 
Only two patients (1.9%) showed CPE growth in the first rectal 
swab sample. In the weekly samples, CPE was detected in six 
patients (5.8%). The mean age of the six patients in whom CPE 
was isolated in rectal swab samples during screening was 63.6 
± 25.6 (median age 58). Two (33.3%) were women, and four 
(66.7%) were men. Three patients (50%) were monitored in the 
central intensive care unit, two (33.3%) in the palliative care 
unit, and one (16.7%) in the emergency intensive care unit. Two 
were admitted with respiratory failure, and one each with acute 
abdomen, intracranial hemorrhage, pneumonia, and hypoxic 
encephalopathy. Four of the six patients with CPE colonization 
had a catheter. All four catheters were jugular type. Among 
the six patients who tested positive in the screening, one 
(16.6%) died. The mean length of stay for these patients was 
37 days. Of the two patients who had CPE colonization upon 
ICU admission, one had a history of antibiotic use within the 
previous 30 days. In patients without CPE colonization, 30% 
had a history of antibiotic use. All four patients who developed 
CPE colonization during their ICU stay had used at least one 
antibiotic prior to colonization while in the ICU. Of these four 
cases, three used carbapenems, three cephalosporins, three 
glycopeptides, two beta-lactam/beta-lactamase inhibitors, 
and two colistin. In contrast, the antibiotic usage rate among 
patients who did not develop CPE colonization was 69%. In one 
patient with CPE colonization, the rectal swab turned negative 
during follow-up.The CPE microorganisms isolated from the 
patients’ rectal swabs and their MIC values are listed in Table 
1. Of the CPE isolates, 5 (83.3%) were Klebsiella pneumoniae 
and one (16.7%) was E. coli. During follow-up of the six patients 
with CPE colonization, two developed carbapenem- resistant 
Klebsiella pneumoniae ssp. in their urine cultures, and one 
developed carbapenem-resistant Acinetobacter baumannii in 
their catheter tip culture. During the study period in intensive 
care units, at least one microbiologically proven infection 
developed in 18 (17.3%) of the 104 patients followed: six patients 
had Acinetobacter baumannii-related primary bloodstream 

infection, four patients had ventilator-associated pneumonia 
due to A.baumannii, one patient had secondary bloodstream 
infection due to A.baumannii, one patient had urinary tract 
infection due to A.baumannii, one patient had wound and soft 
tissue infection due to A.baumannii, two patients had urinary 
tract infection due to K. pneumoniae, one patient had ventilator-
associated pneumonia due to E.coli, one patient had wound and 
soft tissue infection due to P.eruginosa, and one patient had 
primary bloodstream infection due to Candida parapsilosis.

Discussion
In 2% of our patients admitted to the ICU, Enterobacteriaceae 
producing KPC were detected in rectal swab samples at the 
beginning. A study showed that 12.8% of ICU patients had 
enteric colonization with KPC-producing K.pneumoniae upon 
admission.7 Our rate is lower than other studies and centers’ 
data, indicating the KPC problem, but during ICU monitoring, 
gastrointestinal colonization with carbapenemase-producing 
Enterobacteriaceae occurred in 6% of the patients in rectal 
swab cultures. KPC-producing Enterobacteriaceae have caused 
a series of infection outbreaks in the northeastern USA, Israel, 
and Greece, where they are highly endemic.5,8 Most reports 
on these outbreaks are molecular-level in vitro reports, not 
focusing on issues in treating infections and the negative 
impact on patient prognosis.6,9 Small clinical studies have 
shown high failure rates in the treatment of these infections, 
with mortality rates ranging from 22% to 72%.10 In our study, 
the mortality rate for bacteria producing KPC was reported as 
16%. The spread of KPC-producing K.pneumoniae is a growing 
problem, limiting treatment options for the infections it causes 
and frequently leading to clinical failure in ICUs. Studies have 
shown a significant relationship between the number and 
specific class of antibiotics previously used by patients and 
infection and/or colonization with carbapenemase-producing 
Enterobacteriaceae. Most studies have found that prior exposure 
to carbapenems is an independent risk factor. Apart from 
carbapenems, aminopenicillins and other anti-pseudomonal 
penicillins (with or without ß-lactamase inhibitors) have also 
been identified as independent risk factors.11,12 One study 
indicated that antibiotics posing a risk for colonization with 
KPC-producing K.pneumoniae are carbapenems and ß-lactam/ 
ß-lactamase inhibitors.7 The same study showed that, besides 
antibiotic use history, previous ICU admission history, previous 
hospital stay duration, and the presence of COPD were risk 

Table 1. Carbapenemase-Producing Enterobacterales (CPE) Isolated from Patients’ Rectal Swabs and Their MIC Values

Sample No Microorganism Ertapenem (µg/mL) Imipenem (µg/mL) Meropenem (µg/mL)

1 K. pneumoniae ≥8 ≥16 ≥16

2 K. pneumoniae ≥8 ≥16 ≥16

3 K. pneumoniae ≥8 ≥16 ≥16

4 K. pneumoniae ≥8 ≥16 ≥16

5 K. pneumoniae ≥8 ≥16 ≥16

6 E. coli ≥8 ≥16 ≥16

MIC: Minimum Inhibitory Concentration; CPE: Carbapenemase-producing Enterobacterales. 
K. pneumoniae: Klebsiella pneumoniae 
E. coli: Escherichia coli
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factors for colonization with KPC-producing K.pneumoniae (7). 
ChromID CARBA agar medium is an easily applicable and highly 
accurate screening method for detecting Enterobacteriaceae 
producing KPC in rectal swabs. This method detected KPC- 
producing colonized patients much faster than manually 
prepared screening media (within 24 hours). Considering that 
the time to detect such pathogens is crucial for infection control 
policies, this method is very important for the immediate 
reporting of isolates with carbapenemase activity and taking 
appropriate infection control measures, as well as for identifying 
colonized patients at risk of invasive infections.13 In our study, 
patients colonized with Enterobacteriaceae producing KPC, 
detected using chromID CARBA agar medium, were reported 
to the infection control committee to ensure that appropriate 
measures were taken.Studies on the use of the modified Hodge 
test have shown conflicting results. While some indicate its 
inadequacy in detecting metallo-beta-lactamases, others argue 
that the modified Hodge test yields false-positive results.14 One 
study in India suggested avoiding the modified Hodge test for 
non-fermentative gram-negative bacteria and recommended 
the use of the EDTA-meropenem or EDTA- ceftazidime 
combination tests.15 Another study clearly showed that 
carbapenemase activity was present at high rates in members 
of the Enterobacteriaceae family detected with the modified 
Hodge test, which is shown to be easy to apply and inexpensive. 
all clinical isolates should be routinely tested for possible 
carbapenemase activity. In terms of public health, confirming 
the resistance mechanism is not necessary. The evaluation 
of risk factors for infection with carbapenemase- producing 
bacteria should be encouraged. Infection control programs 
combined with effective antibiotic policies and good medical 
practices can help manage the threat of antibiotic resistance.16 
In our study, the modified Hodge test results for KPC-producing 
isolates detected using chromogenic agar medium were also 
positive.The CDC’s guidelines for preventing carbapenem-
resistant Enterobacteriaceae discuss the necessary precautions 
to be taken. The importance of hand hygiene and access to 
necessary protective equipment is particularly emphasized. 
Contact precautions should be applied to patients infected 
or colonized with carbapenem-resistant Enterobacteriaceae. 
Information on patients with a history of colonization should 
be recorded. Although it is not clearly stated for how long strict 
contact precautions should be applied, the CDC recommends 
at least 6 months. Healthcare workers caring for patients 
infected or colonized with MDR microorganisms, including 
carbapenem-resistant Enterobacteriaceae, must be trained 
on measures to prevent the spread of these microorganisms. 
Invasive procedures applied to patients (central catheters, 
endotracheal tubes, and urinary catheters) pose a significant 
risk for developing device-associated infections, especially in 
colonized patients.17 In our study, four of the six patients with 
positive results had central venous catheters.

Limitations
The study was conducted as a single-center study over a short 
period (February 1 to May 15, 2014), which limits its ability 
to detect longer-term trends in colonization or infection rates. 
Molecular typing of carbapenemase genes (e.g., KPC, NDM, 

OXA-48) was not performed, which would have provided more 
precise information regarding the resistance mechanisms and 
their potential for transmission. Additionally, the study did not 
evaluate patient-level outcomes in detail, such as infection- related 
mortality, length of ICU stay related specifically to colonization or 
infection, or potential clonal spread between patients. Finally, due 
to limited resources, only the Modified Hodge test was used for 
phenotypic confirmation, despite the existence of more sensitive 
and specific molecular or biochemical assays.

Conclusion
The detection of Enterobacteriaceae producing KPC in rectal 
swab samples at the beginning in 2% of the ICU patients 
we monitored indicates a significant problem we will face 
shortly. However, this study was conducted over a short period. 
Surveillance data over a longer period on more patients are 
needed. Investigating rectal colonization in high-risk units, such 
as ICUs, and incorporating it into routine surveillance services 
will ensure early infection control and proper guidance for 
empirical treatments.
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