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Background: Carbapenem-resistant Enterobacterales (CRE) are a global health problem
with a growing prevalence. India has a high prevalence of CRE. CRE infections are difficult
to treat, and are associated with significant morbidity and mortality. Colonisation is
generally a prerequisite for infection and the prevention of CRE colonisation is key to the
prevention of CRE infection.
Objectives: To determine the prevalence of CRE colonisation and subsequent infections in
an adult intensive care unit (ICU) in India.
Methods: We conducted a prospective observational study in which perirectal swabs were
obtained along with relevant clinical details of consenting adult patients upon ICU
admission between January 2019 and August 2020. Rectal screening was performed using
MacConkey agar plates with ertapenem disks and further identification was performed
using conventional microbiological techniques. Ertapenem minimum inhibitory concen-
tration (MIC) was determined using an epsillometer (E) test. The modified carbapenem
inactivation (mCIM) test and EDTA carbapenem inactivation test (eCIM) were performed to
confirm carbapenem resistance using the Clinical Laboratory Standards Institute (CLSI)
2020 guidelines.
Results: 192 ICU patients were screened for CRE. 37 patients were found to be colonised
with CRE. Klebsiella pneumoniae (N¼25; 67.6%) was the most frequent CRE isolate, fol-
lowed by Escherichia coli (N¼11; 29.7%) and one Enterobacter species (N¼1; 2.7%). 89.2%
(33/37) patients developed CRE infection. Pneumonia was the most common CRE infection
identified in 12/33 (36.4%) patients.during the hospital stay. The median duration of
hospital stay was longer (17 days) for CRE colonised compared to CRE non-colonised
patients (9 days) (P<0.001). Death occurred in 27 % (N¼10/37) of CRE-colonised
patients during the hospital admission.
Conclusion: CRE colonisation is associated with high risk of subsequent CRE infection and
longer ICU and hospital admission.
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Introduction

Carbapenem-resistant Enterobacterales (CRE) have
emerged as an urgent public health threat in the world
including India. Intestinal colonisation with CRE is considered
to be a risk factor for development of systemic CRE infection.
Infections due to carbapenem-resistant organisms have
become a major concern for the clinicians due to the limited
therapeutic options. Infections with CRE disproportionately
affect severely ill patients with multiple comorbidities.
Patients admitted to the intensive care unit (ICU) have been
found to have a particularly high burden of CRE infections as
well as increased mortality. Immunocompromised patients
including organ transplant recipients, patients with previous
antibiotic exposure and medical devices such as central venous
catheters are also at increased risk of developing a CRE
infection [1].

Carbapenem resistance is mostly mediated by the pro-
duction of carbapenemase enzymes that are present on the
mobile genetic elements, as well as chromosomal-mediated
porin loss and efflux pumps overexpression [2].
Carbapenemase-producing Enterobacterales (CPE) usually
contribute the majority of CRE isolates from clinical sources,
particularly in settings of high CRE prevalence. Carbapene-
mases are broadly of 2 types: Serine carbapenemases (Ambler
class A or D) and Metallo-b-lactamases (Ambler class B) which
can be phenotypically identified using mCIM (modified carba-
penem inactivation method) and eCIM (EDTA-modified carba-
penem inactivation method) done in parallel [3,4]. Knowing
which carbapenemase is produced can help to guide the anti-
microbial treatment of CRE infection. Ambler class B metallo-
b-lactamases can destroy all beta-lactams except mono-
bactams. It is important to recognise that not all CPE are CRE.
CPE includes Enterobacterales with low carbapenem minimum
inhibitory concentrations (MIC) which are carbapenem-
susceptible phenotypically [3,4].

The majority of CRE infections worldwide are caused by K.
pneumoniae. Other causative organisms may include Escher-
ichia coli, Klebsiella oxytoca, and Enterobacter cloacae [5].

As part of a non-outbreak surveillance initiative at our
institution, which is located in an area of high CRE endemicity
(37% from a study done in Jodhpur, Rajasthan by Rajni et al.
[6]), perirectal screening was performed in ICU patients to
identify carriage with CRE. We examined the rates of colo-
nisation with CRE at the time of ICU admission and determined
the risk of any subsequent CRE infection during hospitalisation.

Materials and methods

Study setting and design

A prospective observational study was done in patients of �
18 years old admitted in adult intensive care unit (ICU). The
patients comprised critically ill medical or post operative sur-
gical patients of the All India Institute of Medical Sciences
(AIIMS), Jodhpur. The Institute is a 960 bed tertiary care
teaching hospital with about 35 different specialities including
medical specialities such as gastroenterology, nephrology,
cardiology, oncology and neurology as well as general medicine
and surgical specialities in urology, gastro-intestinal surgery,
neurosurgery as well as general surgery. Initially from January
2019 until March 2020, ICU had 7 beds then the ICU unit was 30
bedded from April 2020 onwards. There was no policy for
routine CRE screening in the hospital. This study was com-
pleted as part of an MD thesis. Hand hygiene and bundle care
approaches for central line insertion and management, ven-
tilation and urinary catheterisation were the main infection
prevention and control strategies in place in the ICU.

Sample collection

Perirectal swabs were obtained from all consenting patients
within 48 hrs of admission to ICU and thereafter every alternate
day until the 8th day of the ICU admission from January 2019 to
August 2020. No further perirectal swabs were collected from
the patients after 8 days of ICU admission because of logistic
reasons.

Data collection

Relevant clinical details including, demographic details, any
co-morbid conditions, antibiotic exposure, invasive device
exposure along with subsequent culture results were collected
from previous medical records and follow up was done for all
patients until the patient was discharged or deceased. Anti-
biotic exposure history during the previous 3 months following
the current admission was collected from the medical records
and/or obtained by recall of the patient or their relative.
Clinical details and laboratory results were recorded on a
proforma.

Microbiology

Within 1 hour of perirectal swab collection from patient,
swabs were cultured on MacConkey agar plate (HiMedia Lab-
oratory Pvt Ltd. , Mumbai, India) with ertapenem (10 mg) disk
(HiMedia Laboratory Pvt Ltd. , Mumbai, India) and immersed
in trypticose soy broth (HiMedia Laboratory Pvt Ltd. , Mumbai,
India) containing meropenem (10ug) disk (HiMedia Laboratory
Pvt Ltd. , Mumbai, India) for identification of CRE isolates.
There was no delay in the transport of samples to the micro-
biology laboratory. Identification of suspected CRE isolates
was done using biochemical tests (nitrate reduction test,
indole reaction, methyl red, Voges-Proskauer, mannitol
motility agar, Christensen’s urease gar, Simmons citrate agar,
phenylalanine deaminase test) (reagents supplied by HiMedia
Laboratory Pvt Ltd. , Mumbai, India) using standard micro-
biological techniques after overnight incubation. All organ-
isms identified as Enterobacterales were screened for
carbapenem resistance using the 2020 Clinical Laboratory
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Standards Institute (CLSI) guidelines for antimicrobial sus-
ceptibility testing [4]. Susceptibility testing for carbapenems
by disk diffusion was only done for the clinical isolates.
Resistance to carbapenems and the production of carbape-
nemase enzyme detection were performed using ertapenem
Etest� strip for MIC determination to confirm carbapenem
resistance) and mCIM (modified Carbapenem Inactivation
Method) eCIM (EDTA-modified carbapenem inactivation
method) tests were also performed as per CLSI guidelines 2020
[4]. No molecular test was done to identify the gene involved
for carbapenem resistance development.

Statistical analysis

Data were entered and analysed using Statistical Package
for the Social Sciences (SPSS) version 23. Categorical data were
described using frequency and percentages and analysed using
Chi square test or Fischer’s exact test as applicable. Con-
tinuous variables such as age, duration of hospitalisation and
ICU stay were found to be non-parametric by Shapiro Wilk test.
They were described using median (IQR) and analysed using the
Mann Whitney U test. A P-value of < 0.05 was considered
statistically significant.

Ethical approval

The study was approved by the institutional ethics com-
mittee dated 22 December 2018 (reference number: AIIMS/
IEC/2018/791) at the All India Institute of Medical Sciences,
Jodhpur, Rajasthan, India. Written informed consent was taken
from all the participating patients or from relatives of the
patients.
Table I

Clinical characteristics in patients with and without CRE colonisation

Characteristics Total

patients

(N¼192)

Pati

c

Age, years (median,

IQR)

50 51

Sex, (male/female) 112/80 21
History of previous

hospitalisation (%)

in past 3 months

81/192 (42.18%) 16

History of previous

surgery (%) in past

90 days

70/192 (36.45%) 15

Duration of

hospitalisation

(median, IQR)

10 17

Duration of ICU stay 8 12
History of chronic disease

Diabetes mellitus 36/192 (18.75%) 4/
Renal disease 21/192 (10.93%) 3/
Liver disease 6/192 (3.12%) 1/
Cardiac disease 38/192 (19.79%) 6/
Malignancy 19/192 (9.89%) 2/
Pulmonary disease 25/192 (13.02%) 3/
Died 41/192 (22.35%) 10

P- value calculated using a: Mann Whitney U test; b: Chi square test; c: Fis
Results

During the study period from January, 2019 to August 2020, a
total of 1113 patients were admitted to ICU. Most of these
patients were transferred within a few hours to a ward or
consent for CRE screening could not be obtained or they died.
Perirectal swabs for CRE screening were collected from 192
patients. Because of the COVID-19 pandemic, certain restric-
tions were put in place from March 2020 during which time
samples could not be collected.

Out of 192 patients included in the study, 112 (58.3 %) were
males and 80 (41.7 %) females.

CRE isolates, patient demographics and
characteristics

37 patients (21 males and 16 females) were found to be
colonised with CRE (Table I). The maximum CRE isolates (N¼19)
were recovered from perirectal swab collection within 48 hours
of ICU admission. 13 CRE isolates were recovered on the 4th

day, 3 on 6th day and 2 on 8th day of ICU admission. The
majority of the CRE were Klebsiella pneumoniae (N¼25, 67.6%)
followed by Escherichia coli (N¼11, 29.7%). One CRE isolate
was Enterobacter species (N¼1, 2.7%).

Risk factor analysis for developing CRE colonisation

The antibiotic treatment of CRE may depend on the mech-
anism of carbapenem resistance and which carbapenemase
enzyme is likely to be present. In Indian healthcare settings this
information is not readily available. Therefore, polymyxins in
combination with an additional agent with a susceptible MIC
ents with CRE

olonisation

(N¼37)

Patients without

CRE colonisation

(N¼155)

P- value

(26e62) 50 (32e63) 0.682a

/16 91/64 0.829b

/37 (43.2%) 65/155 (41.9%) 0.885b

/37 (40.5%) 55/155 (35.5%) 0.565

(11e26) 9 (6e16) <0.001a

(8e22) 9 (6e16) <0.001a

37 (10.8%) 32/155 (20.6%) 0.168b

37 (8.1%) 18/155 (11.6%) 0.770c

37 (2.7%) 5/155 (3.2%) 1.00c

37 (16.2%) 32/155 (20.6%) 0.544b

37 (5.4%) 17/155 (11.0%) 0.539c

37 (8.1%) 22/155 (14.2%) 0.422c

/37 (27.0%) 31/155 (20.0%) 0.349b

her’s Exact test.



Table II

Comparison of different antibiotic exposure in last 3 monthsa and during current hospital stay among CRE colonised and non-colonised
patients

Antibiotic

exposure

Total patients

(N¼192)

CRE

colonised

patients (N¼37)

Non

colonised

patients (N¼155)

P e value

b-lactam
antibiotic ± b
lactamase inhibitor

Last 3 months 15 (7.8%) 3 (8.1%) 12 (7.7%) 1.00a

Current stay 109 (56.8%) 28 (75.7%) 81 (52.3%) 0.01b

3rd/4th generation

Cephalosporin

Last 3 months 6 (3.1%) 1 (2.7%) 5 (3.2 %) 1.00a

Current stay 109 (56.8%) 18 (48.6%) 91 (58.7 %) 0.267b

Fluoroquinolone Last 3 months 2 (1.0%) 1 (2.7%) 1 (0.6%) 0.349a

Current stay 12 (6.2%) 2 (5.4%) 10 (6.%) 1.00a

Macrolide Last 3 months 8 (4.2%) 2 (5.4%) 6 (3.9%) 0.652a

Current stay 27 (14.1%) 5 (13.5%) 22 (14.2%) 0.915b

Carbapenem Last 3 months 11 (5.7%) 4 (10.8%) 7 (4.5%) 0.228a

Current stay 67 (34.9%) 16 (43.2%) 51 (32.9%) 0.236b

Polymyxin Last 3 months 2 (1.0%) 0 (0%) 2 (1.23%) -
Current stay 33 (17.2%) 12 (32.4%) 21 (13.5%) 0.006b

Vancomycin Last 3 months 0 (0%) 0 (0%) 0 (0%) -
Current stay 10 (5.20%) 0 (0%) 10 (6.5%) -

Aminoglycoside Last 3 months 2 (1.0%) 0 (0%) 2 (1.3%) -
Current stay 8 (4.1%) 2 (5.4%) 6 (3.9%) 0.652a

P- value calculated using a: Fisher’s Exact test; b: Chi square test.
a Information was collected based on past medical records obtained from the patient or based on recall by the patient or relative.
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such as tigecycline, aminoglycosides, fosfomycin are com-
monly used for treatment of CRE infections [7]. In the study, 12
out of 33 patients on polymyxin treatment during the current
hospital admission (N¼12/37; 32.4%) were CRE colonised which
was statistically significant (P¼0.006). This reflects that poly-
myxins along with other antibiotics are frequently used in ICU
as a ‘last resort’ therapy for treatment of CRE and other serious
multi-drug resistant Gram negative infections (Table II).

It was observed that 28 (75.7%) patients who were treated
with beta-lactam antibiotic therapy during the current
admission developed CRE which was statistically significant
(P¼0.01) (Table II).

In the present study, it was observed that if patient had
prior history of being exposed to urinary catheterisation (N¼11
out of 37 CRE colonised, 29.7%), there is an increased likelihood
of developing CRE infection (Table III). Patients who had been
exposed to central line (N¼34; 91.9%) during ICU stay had been
shown to develop CRE colonisation more as compared to non-
colonised (N¼115; 74.2%) which was statistically significant
(P¼0.02) (Table III). It was also observed that the longer a
patient was exposed to any medical device, the more likely
they were to get CRE infection (P¼0.002) (Table IV).
Table III

Comparison of different device exposures in last 3 months among CRE

Device exposure Total patients (N¼192) CRE

Ventilator support Last 3 months 9 (4.7%)
Current stay 165 (85.3%)

Central line Last 3 months 20 (10.4%)
Current stay 149 (77.6%)

Urinary catheterisation Last 3 months 25 (13.0%)
Current stay 187 (97.4%)

P value calculated using a: Fisher’s exact test; b: Chi-square test.
Median duration of stay in hospital was 17 days in CRE
colonised patients compared with 9 days for non-colonised
patients (P<0.001) (Table I).

It was observed that if a patient became colonised with CRE,
the duration of hospital stay increased for the patient (median
of 12 days) as compared to non-colonised patients (median of 9
days) (P<0.01) (Table I).

Resistance pattern of CRE isolates

Metallo-beta-lactamase was detected in 10 Klebsiella
pneumoniae isolates and 3 Escherichia coli isolates. Serine
carbapenemases were detected in 12 Klebsiella pneumoniae
isolates and 6 isolates of Escherichia coli. In 6 CRE isolates
(including 3 isolates of Klebsiella pneumoniae; 2 isolates of
Escherichia coli and 1 isolate of Enterobacter species), car-
bapenemase enzyme was not detected (Figure 1).

CRE infections developed in 33 (89.2%) out of 37 colonised
patients during hospital stay. Pneumonia was the most common
infection occurring during hospital stay (N¼12, 36.4%), fol-
lowed by surgical site infection (N¼7, 21.2%). One patient had
developed bloodstream infection (3.0%) and four had urinary
colonised and non-colonised patients

colonised patients (N¼37) Non colonised patients (N¼155) P- value

2 (5.4%) 7 (4.5%) 0.685a

35 (94.6%) 130 (83.8%) 0.092b

7 (18.9%) 13 (8.4%) 0.073a

34 (91.9%) 115 (74.2%) 0.020b

11 (29.7%) 14 (9.0%) 0.002a

36 (97.3%) 151 (97.4%) 1.00a



Table IV

Comparison of duration of device exposure between CRE colonised and non-colonised patients

Device exposure duration Non- colonised patients CRE colonised patients P-value

Median (IQR) Median (IQR)

Duration of ventilator exposure (in days) 4 (1e6) 7 (3e10) 0.002
Duration of central line exposure (in days) 4 (1e7) 6 (4e15) 0.002
Duration of urinary catheterisation (in days) 6 (3e10) 10 (5e19) 0.002
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tract infections (12.1%). There were 9 patients with multiple
site infections (27.3%) (Table V). The other 4 patients who were
CRE colonised did not develop any subsequent infection during
hospitalisation.

Among these 37 patients, 8 (21.6%) patients already had
past history of CRE infection before CRE colonisation status
could be obtained during this admission. This is likely to indi-
cated that they were already colonised when they were
screened for CRE colonisation. On readmission, CRE colo-
nisation was detected the first day of sample collection from all
of these 8 patients.

All-cause mortality in CRE patients after perirectal
swab collection

The mortality rate was found to be higher in CRE colonised
patients (N¼10/37; 27.0%) compared with non-colonised
patients (N¼31/155; 20.0%), but the difference was not stat-
istically significant (P>0.05).

Of the 37 CRE colonised patients, 10 patients died during the
hospital stay. Out of these 10 deceased patients, 5 had devel-
oped CRE infection at multiple sites (includes 2 patients with
combination of surgical site infection and pneumonia; 1 patient
with urinary tract infection and pneumonia; 1 with blood
stream infection and pneumonia; and 1 with bloodstream
infection and surgical site infection). 3 patients died following
the development of pneumonia caused by CRE and one
Figure 1. Carbapenemase enzymes detected in CRE isolates (N¼37)
determine if any of the CRE isolates had more than one carbapenema
following surgical site infection caused by CRE. One patient
who died was CRE colonised only and no CRE organism was
isolated from any subsequent clinical samples sent to the
microbiology laboratory (Table VI).

Discussion

The emergence and spread of CRE has become a challenge
for healthcare providers globally. CRE infection can result in
significant morbidity and mortality and the treatment of CRE
infection is difficult and can be costly. In February 2017, WHO
published its first ever list of antibiotic-resistant “priority
pathogens” e a catalogue of 12 families of bacteria that pose
the greatest threat to human health in which CRE was included
in the critical priority category [8]. Therefore, identification of
healthcare-associated and patient-associated risk factors
related to CRE acquisition may guide preventive and control
measures, particularly in hospitals with limited resources.

Worldwide, CRE colonisation prevalence rate among dif-
ferent countries varies ranging from 0.22% reported in Japan
[9] to 52% in Vietnam [10]. In India, CRE prevalence rates
reported in studies from different cities has ranged from 1.6%
in Pune [11] to 38.4% in the Postgraduate Institute of Medical
Education & Research (PGIMER) Chandigarh [12]. Our study
showed a CRE prevalence rate of 19.9% which is much lower
compared with PGIMER, Chandigarh [12] and more comparable
with a study done by Dutta et al. (12%) [13]. Our hospital is one
. *No genetic study on CRE isolates was done, so we could not
se gene present.



Table V

CRE infection following CRE colonisation

CRE infection Klebsiella

pneumoniae (%)

Escherichia

coli (%)

Enterobacte

spp. (%)

Pneumonia (N¼12) 83.3 8.3 8.3
Surgical site infection (N¼7) 42.9 57.1 0
Bloodstream infection (N¼1) 100 0 0
Urinary tract infection (N¼4) 50 50 0
Multiple sites of infectiona (N¼9) 88.9 11.1 0
a Includes 6 patients who developed pneumonia and surgical site infection, 1 patient each developed bloodstream infection with pneumonia,

bloodstream infection with surgical site infection and urinary tract infection with pneumonia.
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of the referral centres of Rajasthan state, where the majority
of the patients who come to the hospital already have a history
of complex medical and surgical issues, prolonged exposure to
healthcare settings and extensive exposure to broad-spectrum
antibiotics. This may help explain the high CRE prevalence in
our study.

A case-control study by Marchaim et al. emphasised the
significant role of antimicrobial exposure in the prediction of
CRE colonisation [14]. The majority of previous studies have
shown that hospitalisation and cumulative antibiotic exposure
history, especially previous use of beta-lactams and carbape-
nems, were considered as risk factors associated with CRE
infection [5,10]. In our study, 12 patients out of total 33
patients treated with polymyxin during the current hospital
stay (N¼12/37; 32.4 %) were CRE colonised which was stat-
istically significant (P<0.05). Among CRE colonised patients,
the percentage of patients (10.8%) having prior history of car-
bapenem treatment was higher compared with non-CRE
colonised patients (4.5%) but the difference was not found to
be statistically significant (P¼0.228). The comparison of prior
history of b lactam treatment between the CRE colonised
(N¼3; 8.1%) and non-CRE colonised patients (N¼12; 7.7%), did
not identify a statistically significant difference (P>0.05). It
was observed that 28 patients who were being treated with
beta-lactam antibiotics during the current admission devel-
oped CRE which was statistically significant (P<0.05).

Invasive devices may act as a portal of entry for CRE which
needs to be studied further [15]. In our study, we had observed
that previous history of urinary catheterisation (P<0.05) pre-
disposed patients to becoming colonised with CRE. The
Table VI

Characteristics of CRE colonised patients who died during hospital sta

Characteristic Esche

c

Males
Females
Post-surgical patients
No CRE infection
CRE infection developed (N¼9)
Pneumonia
Surgical site infection
Pneumonia þ surgical site infection
Pneumonia þ urinary tract infection
Pneumonia þ blood stream infection
Bloodstream infection þ surgical site infection
association between CRE colonisation and device use, including
urethral catheterisation, central lines and ventilation, has
been identified as risk factors for CRE colonisation in previous
studies. [9,12].

The duration of hospital stay increased the risk of CRE col-
onisation. In our study, for CRE colonised patients, the median
duration of stay in hospital was 17 days compared to 9 days for
non-colonised patients. (P<0.001). This is consistent with
previous studies done in India as well as internationally
[9,12,16].

Rectal colonisation with CRE has already been identified as
an important epidemiological risk factor for the development
of subsequent CRE infection in previous studies [5,17]. In a
study by McConville et al. [5], CRE-colonised patients had a
10.8-fold higher risk of CRE infection than in non-colonised
patients. In our study also, 89.2% of CRE colonised patients
developed CRE infection during the hospital stay. It was also
observed that none of the CRE non-colonised patients had
developed CRE infection supporting that CRE colonisation is a
strong predictor of the development of CRE infection. We
observed that among patients colonised with CRE who further
developed infection, the colonising and infecting organism
were of the same species as noted in previous studies [5,18].
This has important implications for good infection prevention
and control practice and empiric antibiotic selection in CRE
colonised patients. As pneumonia was the most common
infection identified in our study, poor hand hygiene on the part
of healthcare workers or aspiration of gastrointestinal contents
may be a potential mechanism linking intestinal colonisation
with the development of infection in the critically ill ICU
y (N¼10)

richia

oli

Klebsiella

pneumoniae

Enterobacter

spp

2 4 0
0 4 0
0 5 0
1 0 0

1 2 0
0 1 0
0 2 0
0 1 0
0 1 0
0 1 0
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patients [5]. Another study has hypothesised that CRE can stay
for prolonged periods in the intestinal tract without causing
any infections or they can also serve as a source of endogenous
urinary tract infections, intra-abdominal infections or may
translocate through the gut epithelium to cause bloodstream
infection [19].

Klebsiella pneumoniae (N¼25/37; 67.6%) was the most
common CRE isolate recovered in our study followed by
Escherichia coli (N¼11/37; 29.7%) and 1 Enterobacter spp.
(2.7%). Carbapenem resistance as a result of carbapenemase
production is the most prevalent mechanism in CRE globally.
Kang et al. [20] showed carbapenemase-producing CRE in
42.9% of total CRE isolates. In our study also, carbapenemase
production was the most common resistance mechanism
(83.8%). In only 6 out of 37 isolates, a carbapenemase enzyme
was not detected and carbapenem resistance in such cases
might be because of other mechanisms such as an efflux pump
or porin mutation. For screening of carbapenemase producers,
ertapenem and meropenem are proposed to be the most suit-
able antibiotics [21]. Ertapenem is preferred over meropenem
for in vitro susceptibility testing due to its superior sensitivity
(97% vs 71%) [22] and has been reported to detect most car-
bapenemase producers, as reported by Nordmann et al. and
Gniadkowski et al. [13,23]. Out of members of Enter-
obacterales, the presence of carbapenemases was observed
mainly in Klebsiella pneumoniae (59.5%) and Escherichia coli
(24.3%) which is in agreement with a previous study by Xu et al.
where Klebsiella pneumoniae (39.3%) and Escherichia coli
(21.9%) were reported to have a high resistance to carbape-
nems [24]. By using mCIM and eCIM, the class of carbapene-
mase produced was identified. This can be important to guide
antibiotic treatment. For example, isolates producing serine
carbapenemases can be inhibited by ceftazidime-avibactam
combination therapy.

Invasive infections caused by CRE have been shown to be
associated with high mortality rates (about 40e50%) in various
studies [5,25,26]. A study done by Kang et al. [20] showed 33%
mortality in CRE colonised patients as compared to 9.9% mor-
tality in non-colonised patients (P¼0.004). In a study at
PGIMER, Chandigarh by Mohan B et al. [12], there was no sig-
nificant difference in the outcome of patients with or without
CRE colonisation (P¼0.245). In our study although the mortality
rate was higher in CRE colonised patients (27.0%) as compared
to non-CRE group of patients (21.3%), but it was not statisti-
cally significant (P¼0.349).

Our study has a number of limitations. The number of
patients in our study was small. Only 192 patients were inclu-
ded which yielded 37 CRE colonised positive cases, limiting our
internal validity. There was also a risk of selection bias
depending on the profile of the patient being admitted. There
was a small number of follow up CRE screening samples as
patients were only followed up for 8 days of ICU stay. We did
not perform any molecular typing of the isolates or investigate
bacterial virulence factors which may have contributed to
transition from colonisation to infection. Patients were not
matched, so the mortality comparison may be affected by
unknown confounders. There is also risk of Berkson’s bias as
patients who were admitted during weekends, at night or died
immediately after admission could not be recruited due to
feasibility issues.
Conclusion

In conclusion, we found that in critically ill patients, CRE
colonisation was associated with a high risk of subsequent CRE
infection and longer ICU and hospital stay and increased mor-
tality. CRE perirectal screening for detection of asymptomatic
carriers should be carried out in high-risk settings as these
organisms serve as source of endogenous infections and are a
potential risk to other patients. The study also highlights the
importance of infection prevention and control measures,
including isolation and cohorting with barrier nursing of these
patients to prevent further spread of CRE in hospital settings.

Disclaimer

The funders had no role in the study design, data collection,
data analysis, data interpretation, or writing of this report. The
opinions, findings and conclusions expressed in this manuscript
reflect those of the authors alone.

Financial support

This study was funded by the Research cell of All India
Institute of Medical Sciences (AIIMS), Jodhpur, Rajasthan,
India.

Potential conflicts of interest

All authors: No reported conflicts.

Credit author statements

Dr. Kirtika Sharma: Data acquisition, analysis and inter-
pretation of data, writing original draft. Dr. Vibhor Tak: Con-
cept and design of study, analysis and interpretation of data,
review and editing and supervision. Dr. Vijaya Lakshmi Nag,
Dr. Pradeep Kumar Bhatia, Dr. Nikhil Kothari: Con-
ceptualization, review, editing and supervision.

Acknowledgements

Authors claim sincere gratitude to Research committee of
AIIMS, Jodhpur for ethical clearance and permission to conduct
the study. Authors would also like to thank Dr. Akhil Dhanesh
Goel, Associate Professor of Community Medicine and Family
Medicine in helping in statistical analysis part of the study.

References

[1] CRE Technical Information j CRE j HAI j CDC [Internet]. 2019 [cited
2020 Dec 23]. Available from: https://www.cdc.gov/hai/
organisms/cre/technical-info.html.

[2] Saderi H, Lotfalpour H, owalia P. Detection of metallo-beta-
lactamase producing Pseudomonas aeruginosa isolated from
burn patients in Tehran, Iran. Labmedicine 2010;41:609e12.
https://doi.org/10.1309/LMQJF9J3T2OAACDJ.

[3] Centers for Disease Control and Prevention (CDC). Detection of
Enterobacteriaceae isolates carrying metallo-beta-lactamase -
United States, 2010. MMWR Morb Mortal Wkly Rep 2010 Jun
25;59(24):750.

https://www.cdc.gov/hai/organisms/cre/technical-info.html
https://www.cdc.gov/hai/organisms/cre/technical-info.html
https://doi.org/10.1309/LMQJF9J3T2OAACDJ
http://refhub.elsevier.com/S2590-0889(23)00045-8/sref3
http://refhub.elsevier.com/S2590-0889(23)00045-8/sref3
http://refhub.elsevier.com/S2590-0889(23)00045-8/sref3
http://refhub.elsevier.com/S2590-0889(23)00045-8/sref3


K. Sharma et al. / Infection Prevention in Practice 5 (2023) 1003128
[4] CLSI performance Standards for antimicrobial susceptibility
testing 30th edition standard M100. Wayne PA: Clinical and Lab-
oratory Standards Institute; 2020.

[5] McConville TH, Sullivan SB, Gomez Simmonds A, Whittier S,
Uhlemann A-C. Carbapenem-resistant Enterobacteriaceae colo-
nization (CRE) and subsequent risk of infection and 90-day mor-
tality in critically ill patients, an observational study. PLoS One
2017;12(10):e0186195. https://doi.org/10.1371/
journal.pone.0186195.

[6] Rajni E, Rajpurohit V, Rathore P, Khatri PK. Epidemiology of
carbapenem-resistant Enterobacteriaceae colonization in ICU: a
pilot study from a tertiary care hospital in Western Rajasthan,
India. Inter J Res Med Sci 2018 Sep 25;6(10):3340e5. https://
doi.org/10.18203/2320-6012.ijrms20184043.

[7] ICMR. Guidance On diagnosis and management of carbapenem
resistant gram negative infections. Indian Council of Medical
Research; 2022. Available from: https://main.icmr.nic.in/sites/
default/files/upload_documents/Diagnosis_and_management_
of_CROs.pdf.

[8] WHO publishes list of bacteria for which new antibiotics are
urgently needed [Internet]. [cited 2020 Dec 29]. Available from:
https://www.who.int/news/item/27-02-2017-who-publishes-list-
of-bacteria-for-which-new-antibiotics-are-urgently-needed.

[9] Yamamoto N, Asada R, Kawahara R, Hagiya H, Akeda Y,
Shanmugakani RK, et al. Prevalence of, and risk factors for,
carriage of carbapenem-resistant Enterobacteriaceae among
hospitalized patients in Japan. J Hosp Infect 2017
Nov;97(3):212e7. https://doi.org/10.1016/j.jhin.2017.07.015.

[10] Tran DM, Larsson M, Olson L, Hoang NTB, Le NK, Khu DTK, et al.
High prevalence of colonisation with carbapenem-resistant
Enterobacteriaceae among patients admitted to Vietnamese
hospitals: Risk factors and burden of disease. J Infect 2019
Aug;79(2):115e22. https://doi.org/10.1016/j.jinf.2019.05.013.

[11] Bhardwaj R, Robinson ML, Balasubramanian U, Kulkarni V,
Kagal A, Raichur P, et al. Drug resistant Enterobacteriaceae
colonization is associated with healthcare utilization and anti-
microbial use among inpatients in Pune, India. BMC Infect Dis
2018;18:504. https://doi.org/10.1186/s12879-018-3390-4.

[12] Mohan B, Prasad A, Kaur H, Hallur V, Gautam N, Taneja N. Fecal
carriage of carbapenem-resistant Enterobacteriaceae and risk
factor analysis in hospitalised patients: A single centre study from
India. Indian J Med Microbiol 2017;35:555e62. https://doi.org/
10.4103/ijmm.IJMM_17_144.

[13] Dutta P, Gupta V, Singla N, Chander J. Asymptomatic colonization
with carbapenem resistant enterobacteriaceae (CRE) in ICU
patients and its associated risk factors: Study from North India.
Ind J Med Microbiol 2015;33(4):612e3. https://doi.org/10.4103/
0255-0857.167316.

[14] Marchaim D, Chopra T, Bhargava A, Bogan C, Dhar S, Hayakawa K,
et al. Recent exposure to antimicrobials and carbapenem-
resistant Enterobacteriaceae: The role of antimicrobial stew-
ardship. Infect Control Hosp Epidemiol 2012;33:817e30. https://
doi.org/10.1086/666642.

[15] Zhao ZC, Xu XH, Liu MB, Wu J, Lin J, Li B, et al. Fecal carriage of
carbapenem-resistant Enterobacteriaceae in a Chinese university
hospital. Am J Infect Control 2014;42:e61e4. https://doi.org/
10.1016/j.ajic.2014.01.024.

[16] Torres-Gonzalez P, Cervera-Hernandez ME, Niembro-Ortega MD,
Leal-Vega F, Cruz-Hervert LP, Garcı́a-Garcı́a L, et al. Factors
Associated to Prevalence and Incidence of Carbapenem-Resist-
ant Enterobacteriaceae Fecal Carriage: A Cohort Study in a
Mexican Tertiary Care Hospital. PLoS One
2015;10(10):e0139883. https://doi.org/10.1371/
journal.pone.0139883.

[17] Asai N, Sakanashi D, Suematsu H, Kato H, Hagihara M,
Nishiyama N, et al. The epidemiology and risk factor of
carbapenem-resistant enterobacteriaceae colonization and
infections: Case control study in a single institute in Japan.
J Infect Chemother 2018 Jul;24(7):505e9. https://doi.org/
10.1016/j.jiac.2018.02.005.

[18] Ramanathan YV, Venkatasubramanian R, Nambi PS,
Ramabathiran M, Venkataraman R, Thirunarayan MA, et al. Car-
bapenem-resistant enterobacteriaceae screening: A core infec-
tion control measure for critical care unit in India? Indian J Med
Microbiol 2018 Oct-Dec;36(4):572e6. https://doi.org/10.4103/
ijmm.ijmm_18_437.

[19] Carlet J. The gut is the epicentre of antibiotic resistance. Anti-
microb Resist Infect Control 2012;1:39. https://doi.org/10.1186/
2047-2994-1-39.

[20] Kang JS, Yi J, Ko MK, Lee SO, Lee JE, Kim KH. Prevalence and Risk
Factors of Carbapenem-resistant Enterobacteriaceae Acquisition
in an Emergency Intensive Care Unit in a Tertiary Hospital in
Korea: a Case-Control Study. J Korean Med Sci 2019 May
13;34(18):e140. https://doi.org/10.3346/jkms.2019.34.e140.

[21] Anderson KF, Lonsway DR, Rasheed JK, Biddle J, Jensen B,
McDougal LK, et al. Evaluation of methods to identify the Kleb-
siella pneumoniae carbapenemase in Enterobacteriaceae. J Clin
Microbiol 2007;45:2723e5. https://doi.org/10.1128/JCM.00015-
07.

[22] Galani I, Rekatsina PD, Hatzaki D, Plachouras D, Souli M,
Giamarellou H. Evaluation of different laboratory tests for the
detection of metallo beta lactamase production in Enter-
obacteriaceae. J Antimicrob Chemother 2008;61:548e53.
https://doi.org/10.1093/jac/dkm535.

[23] Nordmann P, Poirel L. Strategies for identification of carbape-
nemase producing Enterobacteriaceae. J Antimicrob Chemother
2013;68:487e96. https://doi.org/10.1093/jac/dks426.

[24] Mulvey MR, Grant JM, Plewes K, Roscoe D, Boyd DA. New delhi
metallo-b-lactamase in Klebsiella pneumoniae and Escherichia
coli, Canada. Emerg Infect Dis 2011;17:103e6. https://doi.org/
10.3201/eid1701.101358.

[25] Tamma PD, Goodman KE, Harris AD, Tekle T, Roberts A, Taiwo A,
et al. Comparing the outcomes of patients with carbapenemase-
producing and non-carbapenemase-producing carbapenem-
resistant Enterobacteriaceae bacteremia. Clin Infect Dis
2017;64(3):257e64. https://doi.org/10.1093/cid/ciw741.

[26] Dickstein Y, Edelman R, Dror T, Hussein K, Bar-Lavie Y, Paul M.
Carbapenem-resistant Enterobacteriaceae colonization and
infection in critically ill patients: a retrospective matched cohort
comparison with non-carriers. J Hosp Infect 2016;94(1):54e9.
https://doi.org/10.1016/j.jhin.2016.05.018.

http://refhub.elsevier.com/S2590-0889(23)00045-8/sref4
http://refhub.elsevier.com/S2590-0889(23)00045-8/sref4
http://refhub.elsevier.com/S2590-0889(23)00045-8/sref4
http://refhub.elsevier.com/S2590-0889(23)00045-8/sref4
https://doi.org/10.1371/journal.pone.0186195
https://doi.org/10.1371/journal.pone.0186195
https://doi.org/10.18203/2320-6012.ijrms20184043
https://doi.org/10.18203/2320-6012.ijrms20184043
https://main.icmr.nic.in/sites/default/files/upload_documents/Diagnosis_and_management_of_CROs.pdf
https://main.icmr.nic.in/sites/default/files/upload_documents/Diagnosis_and_management_of_CROs.pdf
https://main.icmr.nic.in/sites/default/files/upload_documents/Diagnosis_and_management_of_CROs.pdf
https://www.who.int/news/item/27-02-2017-who-publishes-list-of-bacteria-for-which-new-antibiotics-are-urgently-needed
https://www.who.int/news/item/27-02-2017-who-publishes-list-of-bacteria-for-which-new-antibiotics-are-urgently-needed
https://doi.org/10.1016/j.jhin.2017.07.015
https://doi.org/10.1016/j.jinf.2019.05.013
https://doi.org/10.1186/s12879-018-3390-4
https://doi.org/10.4103/ijmm.IJMM_17_144
https://doi.org/10.4103/ijmm.IJMM_17_144
https://doi.org/10.4103/0255-0857.167316
https://doi.org/10.4103/0255-0857.167316
https://doi.org/10.1086/666642
https://doi.org/10.1086/666642
https://doi.org/10.1016/j.ajic.2014.01.024
https://doi.org/10.1016/j.ajic.2014.01.024
https://doi.org/10.1371/journal.pone.0139883
https://doi.org/10.1371/journal.pone.0139883
https://doi.org/10.1016/j.jiac.2018.02.005
https://doi.org/10.1016/j.jiac.2018.02.005
https://doi.org/10.4103/ijmm.ijmm_18_437
https://doi.org/10.4103/ijmm.ijmm_18_437
https://doi.org/10.1186/2047-2994-1-39
https://doi.org/10.1186/2047-2994-1-39
https://doi.org/10.3346/jkms.2019.34.e140
https://doi.org/10.1128/JCM.00015-07
https://doi.org/10.1128/JCM.00015-07
https://doi.org/10.1093/jac/dkm535
https://doi.org/10.1093/jac/dks426
https://doi.org/10.3201/eid1701.101358
https://doi.org/10.3201/eid1701.101358
https://doi.org/10.1093/cid/ciw741
https://doi.org/10.1016/j.jhin.2016.05.018

	An observational study on carbapenem-resistant Enterobacterales (CRE) colonisation and subsequent risk of infection in an a ...
	Introduction
	Materials and methods
	Study setting and design
	Sample collection
	Data collection
	Microbiology
	Statistical analysis
	Ethical approval

	Results
	CRE isolates, patient demographics and characteristics
	Risk factor analysis for developing CRE colonisation
	Resistance pattern of CRE isolates
	All-cause mortality in CRE patients after perirectal swab collection

	Discussion
	Conclusion
	Disclaimer
	Financial support
	Potential conflicts of interest
	Credit author statements
	Acknowledgements
	References


