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ABSTRACT

Background and Obijectives: Carbapenem-resistant Enterobacterales (CRE) pose a major healthcare challenge due to high
resistance rates and limited treatment options. This study characterized carbapenemase production among CRE isolates using
phenotypic methods—Modified Carbapenem Inactivation Method (mCIM) and EDTA-Carbapenem Inactivation Method
(eCIM)—as genotypic methods have limitations like restricted gene targets and mutations.

Materials and Methods: This six-month study was conducted at Sher-i-Kashmir Institute of Medical Sciences (SKIMS).
Samples including swabs, respiratory specimens, pus, body fluids, and blood were cultured on Blood Agar and MacConkey
Agar (HiMedia, India). Enterobacterales were identified using conventional methods and screened for carbapenem resis-
tance. CRE isolates underwent mCIM and eCIM testing per CLSI guidelines.

Results: Among 471 Enterobacterales isolates tested, 160 (33.9%) were carbapenem-resistant. Of these, 97 (60.6%) were
mCIM positive, indicating carbapenemase production. eCIM further identified 83 (85.5%) as metallo-beta-lactamase (MBL)
producers and 14 (14.4%) as serine carbapenemase producers. CRE prevalence was higher in ICU settings and among males.
Isolates showed high cephalosporin resistance, with multi-drug resistance (MDR) common in both MBL and serine carbap-
enemase producers.

Conclusion: The prevalence of CRE was found to be 33.9%. The findings underscore the critical need for continuous sur-
veillance and stringent infection control measures to manage the spread of CRE in healthcare settings.
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INTRODUCTION

Enterobacterales are Gram-negative, facultatively
anaerobic Gram-negative rods responsible for caus-
ing a large number of nosocomial infections that are
usually difficult to treat due to the high antimicrobial
resistance among clinical isolates (1). As the inci-
dence of MDR Gram-negative bacteria has increased
worldwide, carbapenems have been considered as

the last choice antibiotic for their treatment. Subse-
quently, the enterobacterales developed resistance
to carbapenems, thus giving rise to the development
of carbapenem-resistant (CR) Enterobacteriaceae,
which in turn poses a challenge due to non-availabil-
ity of noticeable next line of antibiotics for treatment
of these kinds of antibiotic-resistant organisms (2).
A report published by the European Centre for Dis-
ease Prevention and Control (ECDC) and the World
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Health Organization (WHO) revealed that there was
an increase in prevalence of carbapenem resistance
in Klebsiella pneumoniae isolates by 0, 8, 31, and
20% between 2017 and 2021 (3).

In India, a study found the overall prevalence of
CRE, A. baumannii, and P. aeruginosa to be 29.40%
whereas another study revealed the presence of
carbapenem resistant Gram-negative bacilli to be
33.12% (4, 5). Production of carbapenemases is the
most common cause of resistance to carbapenems.
Carbapenemases are a class of enzymes capable of
hydrolyzing carbapenems and other B-lactams (6).
Other causes may also contribute to carbapenem
resistance which include, poor binding of carbap-
enems to penicillin-binding proteins present in the
bacteria, over-expression of multidrug efflux pumps
by the bacteria or lack of porins present in the bac-
terial cell membrane. Generally, for the emergence
of significant resistance, a combination of resistance
mechanisms is required. Carbapenemase production
is currently the most concerning resistance mecha-
nism and their genes are often contained on mobile
genetic elements that facilitate transfer of resistance
among Enterobacteriaceae and other gram-negative
organisms. Because of the rapid spread of Carbap-
enemase-producing Enterobacterales (CPE), these
organisms are a particularly important target for pre-
vention (7).

In most of the clinical microbiology laborato-
ries, the underlying mechanisms for carbapenem
resistance are not evaluated for therapeutic deci-
sion-making. At the same time, understanding if
an isolate is CPE has significant role to play in the
development of Institutional treatment guidelines,
Infection prevention procedures and Epidemiolog-
ical investigations (8). While carbapenemase genes
can be detected by using genotypic tests, detection of
mutated or new carbapenemase producing genes is
not possible. Also, the high costs and requirement of
special expertise limits their use (9). The first Clini-
cal & Laboratory Standards Institute (CLSI) recom-
mended growth-based carbapenemase detection test
is Modified Hodge test (MHT). However, currently
accurate identification of carbapenemases is done by
modified carbapenem inactivation method (mCIM)
and Ethylenediaminetetraacetic Acid (EDTA)- Car-
bapenem Inactivation Method (eCIM) endorsed in
the CLSI M100-S28 supplement in 2018 (1). As the
incidence of CRE in hospitals is increasing, owing
to their ability to colonize the gastrointestinal tract

540 IRAN. J. MICROBIOL. Volume 17 Number 4 (August 2025) 539-548

after direct (person-to-person) or indirect (via con-
taminated surfaces) transmission, an hour is needed
to have an accurate and robust routine protocol for
CRE screening and detection of carbapenemases in
them in every hospital. To establish correct and tar-
geted treatment plans for patients, detection of CRE
is necessary (6, 10).

This study aims to characterize the types of car-
bapenemases produced by Gram-negative isolates
using phenotypic methods, specifically the modi-
fied carbapenem inactivation method (mCIM) and
the EDTA-modified carbapenem inactivation meth-
od (eCIM). We hypothesize that the combined use
of mCIM and eCIM will effectively differentiate
metallo-B-lactamases (MBLSs) from serine carbapen-
emases.

MATERIALS AND METHODS

Study design. This prospective study was carried
out in the department of microbiology at the Sher-
i-Kashmir Institute of Medical Sciences (SKIMS)
for six months (Jan 2022-June 2022) after obtaining
Ethical clearance from the Institute’s Ethical clear-
ance committee under IEC Protocol number #RP
129/2022.

Sample processing. Samples including swabs, re-
spiratory samples, pus, body fluids, blood received in
the Department of microbiology underwent inocula-
tion on Sheep Blood Agar plates comprising a blood
agar base (HiMedia, India) supplemented with 5%
sheep blood and MacConkey agar (HiMedia, India).
The culture plates were placed in bacteriological in-
cubators and incubated at a temperature of 35°C +
2°C for 24 h.

Following preliminary identification tests, such as
Gram staining, the isolates were manually identified
as Enterobacterales using conventional biochemical
tests. The employed test panels included spot cata-
lase test, spot oxidase test, carbohydrate fermenta-
tion tests, indole test, Methyl Red, Phenyl Pyruvate,
Triple Sugar Iron agar (TSI), Citrate utilization test,
and Urea hydrolysis test. Antimicrobial susceptibility
testing was performed for all the organisms belong-
ing to Enterobacterales according to CLSI guidelines
using the Kirby-Bauer disc diffusion method for all
samples except blood samples for which microbroth
dilution method by Vitek 2 automated system in case
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of blood samples was used (11). The samples that ful-
filled the following inclusion and exclusion criteria
were included and excluded from the study respec-
tively.

Inclusion criteria. Enterobacterales that had a
meropenem zone diameter <19mm in case of respi-
ratory samples, pus, body fluids and other samples
and MIC> 4 pg /ml in case of blood were considered
screen test positive and were included in the study.

Exclusion criteria. Isolates that showed meropen-
em zone diameter of > 23mm in case of respirato-
ry samples, pus, body fluids and other samples and
MIC<1 pg /ml in case of blood were considered sen-
sitive and were excluded from the study.

These were further checked for carbapenemase
production by m-CIM and e-CIM). m-CIM was per-
formed for detection of carbapenemases in Entero-
bacterales whereas eCIM was used together with
mCIM to differentiate metallo-p-lactamases from
serine carbapenemases in Enterobacterales and was
considered valid only if mCIM was positive (9).

mMCIM test. In mCIM test, the growth from the cul-
ture plate was streak on the MHA plate and kept for
overnight incubation at 37°C. One loopful (10ul) of
overnight growth was emulsified in 2ml of trypticase
soy broth (TSB) and vortexed for 10-15 seconds. A
meropenem disk (10pg) was added to it using ster-
ile forceps and ensured the disk was completely im-
mersed in it. The broth was then incubated at 37°C
for 4 hours following which a lawn culture of 0.5 Mc-
Farland adjusted culture of Escherichia coli ATCC
25922 onto Muller Hinton agar plate was made. Then
the meropenem disk was removed from the suspen-
sion and placed it on the lawn culture of E. coli ATCC
25922. Then the plates were incubated at 37°C for 18-
24 hours.

Interpretation of mCIM test. Following the incu-
bation, zone of inhibition was measured and interpret-
ed. Isolates were considered carbapenemase positive
if the zone diameter was 6-15 mm or there was a pres-
ence of pinpoint colonies within a 16-18 mm zone. The
isolates were considered as carbapenemase negative
if the zone of inhibition was > 19mm. An isolate was
considered as carbapenemase indeterminate when the
zone of inhibition was16-18mm or > 19mm and there
was a presence of pinpoint colonies within the zone.

http://ijm.tums.ac.ir

eCIM test. All the isolates were tested by eCIM
as well, and processing was done in parallel with
mCIM tubes (Fig. 2). For the e-CIM test, a second 2
ml TSB was labeled. Twenty microlitre of the 0.5M
EDTA was added to this TSB tube to obtain a final
concentration of 5mM EDTA and vortexed for 10-15
seconds. A 10 pg meropenem disk was added to the
suspension using sterile forceps and ensuring the disk
was immersed in the suspension. It was then incu-
bated at 37°C for 4 hours. After this we made a lawn
culture of 0.5 McFarland adjusted culture of E. coli
ATCC 25922 onto Muller Hinton agar plate. Then the
meropenem disk was removed from the suspension
and placed it on the lawn culture of E. coli ATCC
25922. Subsequently, the plates were incubated at
37°C for 18-24 hours. Following the incubation, the
zone of inhibition was measured and interpreted.

Interpretation of eCIM test. Only the isolates
positive for mCIM test were considered for eCIM
interpretation. A > 5mm increase in zone diameter
for eCIM vs zone diameter for mCIM was considered
as eCIM positive. Pinpoint colonies within any inhi-
bition zone were ignored in this test. A < 4-mm in-
crease in zone diameter for the e-CIM vs zone diame-
ter of m-CIM was considered negative for eCIM test.
If the test isolate produces a metallo-B-lactamase,
the activity of the carbapenemase will be inhibited
in the presence of EDTA, and the meropenem disk
will not be hydrolyzed as effectively as in the tube
without EDTA. The result is inhibition of the mero-
penem-susceptible E. coli and an increase in the zone
diameter. If the test isolate produces a serine carbap-
enemase, the activity of the carbapenemase will not
be affected by the presence of EDTA, and there will
be no or marginal (< 4 mm) increase in zone diame-
ter in the presence of EDTA compared to the m-CIM
zone diameter (Fig. 1).

RESULTS

Out of the 471 Enterobacterales isolated in our lab-
oratory during the study period, 160 isolates were car-
bapenem-resistant and thus subjected to mCIM test.
Out of 160 CRE isolates tested for mCIM, 97 showed
positive results for the carbapenemase enzyme. On
further characterization of carbapenemases by eCIM,
83 (85.5%) were positive by eCIM, indicating the
presence of metallo-carbapenemases in them and rest
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Fig. 1. Lawn culture plate of ATCC strain of E. coli inoculat-
ed with antibiotic disks from eCIM and mCIM broth

Fig. 2. Left to right: The mCIM tube shows turbidity, indi-
cating carbapenemase activity.

of the isolates 14 (14.4%) in which mCIM was posi-
tive and eCIM negative had serine carbapenemases.
Among the mCIM-positive isolates, 88.8% belonged
to male patients and majority of them, 87.5% were
received from ICU (Table 1). The highest eCIM
positivity was observed from blood samples (100%)
(Table 2). 100% (n=4) Proteus spp., 90.4% (n=38) E.
coli and 80.3% (n=41) Klebsiella spp. were positive
for eCIM test (Table 3). In general, 98.9% (n=95) and
2.1% (n=2) carbapenemase-producing strains were
resistant to at least three classes of antimicrobials and
were considered multidrug-resistant (MDR) and clas-
sified as resistant to all but two or less classes of an-
timicrobials extensive drug-resistant (XDR), respec-
tively (12).

MDR phenotype resistant to a p-lactams-p-lactamase
inhibitor combination, cephalosporins and carbapen-
ems was the most common (Figs. 3, 4 and Table 4).
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DISCUSSION

CRE pose a serious threat to healthcare and one of
their essential mechanisms of resistance is the pro-
duction of carbapenemases. Carbapenemase distri-
bution varies by region and organism. In Enterobac-
terales, KPC-producing K. pneumoniae is endemic
in the USA, Israel, Greece, and Italy. OXA-48-like
enzymes are hyperendemic in Turkey, North Africa,
and parts of Europe, with OXA-232 emerging in Asia
and Turkey. NDMs, initially linked to the Indian sub-
continent, are now globally widespread. IMP produc-
ers, first seen in Japan, are now common in Austra-
lia, while VIM producers are frequent in Greece, It-
aly, the Balkans, and Russia. Co-production of NDM
and OXA-48 is rising globally, especially in Turkey
and the Balkans (13). Xaio et al., identified two Novel
Carbapenemase-Encoding Hybrid Plasmids Harbor-
ing bla, . -and bla, ., in a Clinical ST11-KL47 K.
pneumoniae in 2024 (14).

The acquisition of infection with the CPE is asso-
ciated with high mortality and increased length of
hospital stay. The problem is further accentuated by
their rapid spread and the availability of only a few
antimicrobial agents that can be used to treat such
infections. This is bound to rising concerns about
the treatment options and infection control (15). This
study employed two phenotypic tests recommended
by CLSI—the Modified Carbapenem Inactivation
Method (mCIM) and the EDTA-modified Carbape-
nem Inactivation Method (eCIM)—to evaluate car-
bapenemase production and differentiate metallo-be-
ta-lactamases (MBLs) from serine carbapenemases.
In a study conducted by Tsai K. et al., the sensitivity
of the mCIM test for detecting MBLs was reported to
be 100%, and mCIM was found to be more accurate
compared to the Modified Hodge Test (MHT), which
was the first CLSI-recommended growth-based car-
bapenemase detection method introduced in 2009
.

Earlier studies also demonstrated that the sensitiv-
ity and specificity of eCIM were both 100% when
used with 5 mM EDTA (16).

In another study, carbapenem resistance was ob-
served in 75% of K. pneumoniae isolates and 50%
of E. coli isolates. Among these, 58.4% were metal-
lo-B-lactamase (MBL) producers, while 41.6% pro-
duced serine carbapenemases. The study concluded
that combining mCIM and eCIM could serve as an
effective epidemiological tool, assist in selecting
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Table 1. Gender and location-wise distribution of eCIM positive and eCIM negative isolates

Gender mCIM positive (n) eCIM positive n (%) eCIM negative n (%) P-value
Male 61 51 (83.6) 10 (16.4) 0.51
Female 36 32 (88.8) 4(11.2)

Location
In-patient department 81 69 (85.2) 12 (14.8) 1.0
Intensive care unit 16 14 (87.5) 2 (12.5)

Table 2. Sample-wise distribution of eCIM positive and eCIM negative isolates

Specimen mCIM positive (n) eCIM positive n (%) eCIM negative n (%)
Respiratory samples 14 11 (78.5) 3(21.5)

Blood 5 5 (100) 0(0)

Body fluids 10 8 (80) 2 (20)

Pus 13 10 (76.9) 3(23.1)

Swab 51 46 (90.1) 5(9.9)

Others 4 3(80.75) 1

Total 97 85 14

Table 3. Organism-wise distribution of eCIM positive and eCIM negative isolates

Organism mCIM positive (n) eCIM positive n (%) eCIM negative n (%)
Klebsiella spp. 51 41 (80.3) 10 (19.7)

E. coli 42 38(90.4) 4(9.6)
Proteus spp. 4 4 (100) 0(0)

Total 97 85 14
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Fig. 3. Resistance profile of metallo-beta lactamase producing Enterobacterales.

Note: AMP=Ampicillin CTX=Cefotaxime CAZ=Ceftazidime CTR=Ceftriaxone AMC=Amoxicillin+Clavulanate TZP=Pip-
eracillin-Tazobactam TCC=Ticarcillin+clavulanate AMK=Amikacin GEN=Gentamicin MEM=Meropenem IPM=Imipenem
ERT=Ertapenem DOR=Doripenem CIP=Ciprofloxacin COT= Co-trimoxazole TGC=Tigecycline PB=Polymyxin B
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Fig. 4. Resistance profile of serine-beta lactamase producing Enterobacterales.

Note: AMP=Ampicillin CTX=Cefotaxime CAZ=Ceftazidime CTR=Ceftriaxone AMC=Amoxicillin+Clavulanate TZP=Pip-
eracillin-Tazobactam TCC=Ticarcillin+clavulanate AMK=Amikacin GEN=Gentamicin MEM=Meropenem IPM=Imipenem
ERT=Ertapenem DOR=Doripenem CIP=Ciprofloxacin COT= Co-trimoxazole TGC=Tigecycline PB=Polymyxin B

Table 4. Distribution of MDR and XDR patterns among carbapenemase producing Enterobacterales.

Resistance
profile

Bacteria

Most common phenotypic resistance pattern

Number of
isolates

E. coli MDR

N=42

f3-lactams-B-lactamase inhibitor combinations: Ticarcillin +clavulanate Cepha- 21
losporins: ceftazidime, ceftriaxone, Cefotaxime Carbapenems:Imipenem

B-lactams-B-lactamase inhibitor combinations: Ampicillin+sulbactam

Klebsiella spp. MDR

N=51

Cephalosporins: ceftazidime, ceftriaxone, Cefotaxime 25
Carbapenems:Imipenem

B-lactams-B-lactamase inhibitor combinations: Ticarcillin+clavulanate

XDR

Cephalosporins: ceftazidime, ceftriaxone, Cefotaxime 1

Carbapenems:Imipenem
Aminoglycosides: Gentamicin
Quinolones: Ciprofloxacin
Sulfonamides : Cotrimoxazole
B-lactams-B-lactamase inhibitor combinations: Ticarcillin+clavulanate Cepha-

Proteus spp.
N=4

MDR

losporins: ceftazidime, ceftriaxone, Cefotaxime Carbapenems:Imipenem 2
[3-lactams-B-lactamase inhibitor combinations: Amoxicillin+clavulanate

Cephalosporins: ceftazidime, ceftriaxone, Cefotaxime

XDR

Carbapenems:Imipenem 1

Aminoglycosides: Gentamicin
Quinolones: Ciprofloxacin
Sulfonamides: Cotrimoxazole

initial antibiotic therapy, help reduce morbidity and
mortality associated with ventilator-associated respi-
ratory infections (VARIs), and strengthen hospital
infection control practices (17).

Verma G. et al. further highlighted that the inex-
pensive combination of mCIM and eCIM not only
differentiates between serine carbapenemase and
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MBL producers but also guides appropriate therapy
decisions and supports infection control, particularly
in resource-limited settings (18).

The prevalence of carbapenem resistant enterobac-
terales has been found to be 33.9% in our hospital,
a 1750 bedded tertiary care hospital in north India.
[unpublished data] Previous studies from India have

http://ijm.tums.ac.ir
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reported a prevalence of 13- 51% (19, 20). High prev-
alence in our hospital may be attributed to the fact
that it is a tertiary care hospital where most patients
admitted are terminally sick with multiple comorbid
conditions and are referred after already receiving
antimicrobials and are more likely to undergo inva-
sive procedures contributing to longer hospital stay
and acquiring CRE infection in the hospital.

This study demonstrates that among carbapenem
resistant isolates (n=160), carbapenemase production
was the mechanism of resistance in 60.6% (n=97)
of the isolates which was indicated by mCIM pos-
itivity. Among these isolates eCIM was positive in
85 isolates (87.6%) indicating presence of MBL and
serine carbapenemases in rest of the isolates 12.4%
(n=12) as a cause of carbapenem resistance. Carbap-
enemase mediated resistance is a serious cause for
concern especially in critically ill patients (21). The
implementation of a MBL and serine carbapenemas-
es detection methods particularly where carbapenem
and other B-lactam therapeutic regimens are indicat-
ed or preferred is important in the era of emergence
of carbapenemase production in a wide range of clin-
ically significant bacteria for effective treatment (22).
Inastudy by VK Sreeja et al., out of the 220 isolates,
207 (94.0%) had phenotypic positivity of carbapen-
emase production, out of which 189 (91.2%) were
MBL producers. These results are comparable to our
study (23). Diwakar et al., also reported the compa-
rable prevalence to that of our study (24). However,
the minor difference may be due to the differences in
the geographic region (25, 26).

The distribution of carbapenemase-producing En-
terobacterales (CPE) was not restricted to a partic-
ular hospital unit. The percentage of CPE obtained
from IPD and ICU was found to be 85.1% and 87.5%
respectively, thus, suggesting the presence of CPE
distributed in the whole hospital wards rather than
a particular ward or area. Similar findings were
shown by Nair PK et al., from a tertiary care hospital
in Mumbai, where CRE was isolated from hospital
wards (42%) and ICU (26%) and OPD patient sam-
ples (19%) (27). It also means that CPE should no
longer be considered as a problem in ICUs only in
our hospital. The high percentage of CPE from ICUs
indicates colonization and dissemination of the resis-
tant strains carrying genes on plasmids/transposons
within wards and clustering of such strains in critical
patients in ICUs. Robert et al., found that ICU had
the largest burden of carbapenemase producing iso-
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lates (34.6%), followed by surgery ward (30.8%) (28).
Almost similar findings were shown by Apurva Pa-
rate et al., in which the carbapenemase positive iso-
lates were predominantly isolated from Burns wards
(14.61%) and ICUs (13.33%) followed by medicine
wards (12.26%) (22). Nagaraj et al., in 2012 isolated
most carbapenemase producing isolates from general
surgery, general medicine, and ICU (29). Inadequate
infection control practices result in wound infection
in the hospital by resistant strains, prolonged hospital
stay and prolonged antibiotic treatment in such pa-
tients which may be the reason for increased preva-
lence of CPE in swabs and blood specimens.

In the present study wound swab was the leading
specimen from which CPE were isolated. Howev-
er, Parate A et al., found that the highest number of
carbapenemase producing isolates were obtained
from blood (23.53%) and pus (11.11%) (22). Sood et
al., also found carbapenemase producing organisms
from blood (25%) which was less as compared to our
study (30). In a study conducted by Nair et al., urine
was the leading specimen contributing carbapene-
mase producing isolates which was not included in
our study (27).

Majority of mCIM positive isolates were K. pneu-
moniae (n=51) followed by E. coli (h=42) and Proteus
mirabilis (n=4). Lorenzoni et al., found that majority
of strains responsible for carbapenemase production
were that of K. pneumoniae (31). As a matter of fact,
K. pneumoniae and E. coli are a part of gut normal
flora. So, carbapenemase producing K. pneumoniae
and E. coli are capable of colonizing the gut of pa-
tients which in turn serve as reservoirs for spread-
ing infection or contaminating the environment and
fomites, especially in healthcare settings. To control
the spread of such organisms, screening as well as
disinfection measures need to be followed and also
there is a need for contact isolation of these infect-
ed/ colonized patients. This protocol is not routine
and may not be feasible in all healthcare institutions
and it is only important in case such organisms are
detected in a patient. In addition, appropriate use of
carbapenems will also prevent selecting resistant
bacteria in a given geographical area (25).

The results of the current study show that there
was a slight difference in the antibiotic susceptibility
patterns of metallo-beta lactamase (MBL) producing
and serine beta lactamase (SBL) producing Entero-
bacterales. Both MBL producing and SBL producing
isolates demonstrated a high resistance level for pen-
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icillin as well as 1%t and 3 generation cephalospo-
rins and quinolones. A study by Apurva Parate et al.,
showed that carbapenemase producing isolates were
100% resistant to ampicillin, amoxiclav, cefuroxime
and imipenem and also were highly resistant to 3"
and 4" generation cephalosporins i.e. cefotaxime,
and ceftazidime (91.18%) and cefipime (88.24%). 23
(67.65%) of the isolates were susceptible to amika-
cin, which is comparable to this study (31). The re-
sistance rates for imipenem, meropenem, ertapenem
and doripenem were 60.7%, 66.3%, 86.1% and 95.3%
for metallo beta lactamase producers, and 74.31%,
35.7%, 75.8% and 75% respectively for serine beta
lactamase producers. These findings indicate that
some isolates appear sensitive to carbapenems by
disk diffusion method, have the capacity to produce
carbapenemase that may resist antibiotic treatment in
vivo leading to treatment failure. Also, Similar to our
study, Fattouh et al., and Chakraborty et al., reported
78.25% and 59.5% resistance in case of carbapene-
mase producing organisms towards Imipenem (32,
33). Of interest, a high incidence of MDR and XDR
and PDR profiles was observed among all carbapen-
emase-producing isolates. 95 isolates (97.9%) of the
Gram-negative bacteria exhibited MDR pattern of
resistance and 2 (2.1%) of the Gram-negative bacte-
ria exhibited XDR pattern of resistance. The higher
incidence of MDR patterns among Enterobactera-
les may be due to increased selection pressure from
self-medication, empirical use, indiscriminate over-
use of carbapenems and third-generation cephalo-
sporins, as well as insufficient monitoring of resident
MDR isolates in hospital settings, especially in the
surgery ward, ICU, and burn unit (34). MDR and
XDR isolates of these bacteria are increasingly being
reported globally, but according to our results, higher
rates were observed than those previously reported.

Limitations of this study.

1. The six-month period may not account for sea-
sonal variations in the prevalence of CREs, poten-
tially affecting the generalizability of the results.

2. As the study was conducted at a single centre, the
findings may not be representative of other regions or
healthcare settings with different patient populations
and microbial environments.

3. Phenotypic tests for identifying carbapenemase
producers was not evaluated against a gold standard
test like PCR targeting carbapenemase.

4. Actual prevalence may be higher than the present
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study as molecular detection methods with greater
sensitivity were not adopted.

CONCLUSION

This study highlights the significant presence of
carbapenem-resistant Enterobacterales (CREs) in
clinical samples, with a notable prevalence of metal-
lo-B-lactamases and serine carbapenemases. The
use of mCIM and eCIM effectively characterized
these isolates, revealing that 87.6% were positive for
metallo-B-lactamases, while 12.4% harbored serine
carbapenemases. The study underscores the impor-
tance of precise detection methods for informing an-
timicrobial treatment strategies and controlling the
spread of resistant pathogens.

REFERENCES

1. Tsai YM, Wang S, Chiu HC, Kao CY, Wen LL. Com-
bination of modified carbapenem inactivation method
(mCIM) and EDTA-CIM (eCIM) for phenotypic detec-
tion of carbapenemase-producing Enterobacteriaceae.
BMC Microbiol 2020; 20: 315.

2. Armin S, Fallah F, Karimi A, Karbasiyan F, Alebouyeh
M, Rafiei Tabatabaei S, et al. Antibiotic susceptibility
patterns for carbapenem-resistant Enterobacteriaceae.
Int J Microbiol 2023; 2023: 8920977.

3. ECDC (2023). European Centre for Disease Pre-
vention and Control, Antimicrobial resistance sur-
veillance in Europe 2023-2021. Available from:
https://www.ecdc.europa.eu/en/publications-
data/antimicrobial-resistance-surveillance-europe-
2023-2021-data

4. Verma G, Nayak SR, Jena S, Panda SS, Pattnaik D,
Praharaj AK, et al. Prevalence of carbapenem-resistant
Enterobacterales, Acinetobacter baumannii, and Pseu-
domonas aeruginosa in a tertiary care hospital in east-
ern India: a pilot study. J Pure Appl Microbiol 2023; 17:
10.22207/JPAM.17.4.21.

5. Mohammed MU, Manisha DR, Nagamani K. Clinical,
phenotypic and genotypic profile of carbapenem resis-
tant gram negative infections in intensive care units.
Indian J Microbiol Res 2021; 8: 28-34.

6. Queenan AM, Bush K. Carbapenemases: the versatile
beta-lactamases. Clin Microbiol Rev 2007; 20: 440-
458.

7. Marchaim D, Gottesman T, Schwartz O, Korem M,
Maor Y, Rahav G, et al. National multicenter study of

http://ijm.tums.ac.ir


http://ijm.tums.ac.ir/
https://www.ecdc.europa.eu/en/publications-data/antimicrobial-resistance-surveillance-europe-2023-2021-data
https://www.ecdc.europa.eu/en/publications-data/antimicrobial-resistance-surveillance-europe-2023-2021-data
https://www.ecdc.europa.eu/en/publications-data/antimicrobial-resistance-surveillance-europe-2023-2021-data

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

http://ijm.tums.ac.ir

DETECTION OF CARBAPENEMASE IN ENTEROBACTERALES

predictors and outcomes of bacteremia upon hospital
admission caused by Enterobacteriaceae producing ex-
tended-spectrum beta-lactamases. Antimicrob Agents
Chemother 2010; 54: 5099-5104.

Bush K, Bradford PA. B-Lactams and B-lactamase in-
hibitors: an overview. Cold Spring Harb Perspect Med
2016; 6: a025247.

Noval M, Banoub M, Claeys KC, Heil E. The battle is
on: new beta-lactams for the treatment of multidrug-re-
sistant Gram-negative organisms. Curr Infect Dis Rep
2020; 22: 1.

Kardas-Stoma L, Fournier S, Dupont JC, Rochaix L,
Birgand G, Zahar JR, et al. Cost-effectiveness of strat-
egies to control the spread of carbapenemase-produc-
ing Enterobacterales in hospitals: a modelling study.
Antimicrob Resist Infect Control 2022; 11: 117.

CLSI (2022). CLSI Publishes CLSI M100-Performance
Standards for Antimicrobial Susceptibility Testing,
32 Edition.

Haji SH, Aka STH, Ali FA. Prevalence and charac-
terisation of carbapenemase encoding genes in multi-
drug-resistant Gram-negative bacilli. PLoS One 2021,
16(11): e0259005.

Aslan AT, Paterson DL. Epidemiology and clinical sig-
nificance of carbapenemases in Australia: a narrative
review. Intern Med J 2024; 54: 535-544.

Xiao W, Wang X, Qu Y, Sun M, Chang Y, Li W, et
al. Identification of two novel carbapenemase-encod-
ing hybrid plasmids harboring bla, . . and bla,,_, in
a clinical ST11-KL47 Klebsiella pneumoniae. Infect
Drug Resist 2023; 16: 4073-4081.

Hara Y, Iguchi M, Tetsuka N, Morioka H, Hirabayashi
A, Suzuki M, et al. <Editors' Choice>Multicenter sur-
vey for carbapenemase-producing Enterobacterales in
central Japan. Nagoya J Med Sci 2022; 84: 630-639.
Sfeir MM, Hayden JA, Fauntleroy KA, Mazur C, John-
son JK, Simner PJ, et al. EDTA-modified carbapenem
inactivation method: a phenotypic method for detect-
ing metallo-beta-lactamase-producing Enterobacteria-
ceae. J Clin Microbiol 2019; 57(5): e01757-18.

Koul N, Kakati B, Agarwal S. Use of the combined
modified carbapenem inactivation method and ED-
TA-modified carbapenem inactivation method for de-
tection of carbapenemase-producing Enterobacteriace-
ae causing ventilator-associated respiratory infections.
J Pure Appl Microbiol 2022; 16: 1239-1244.

Verma G, Singh N, Smriti S, Panda SS, Pattnaik D,
Tripathy S, et al. Modified carbapenem inactiva-
tion method and ethylenediaminetetraacetic acid
(EDTA)-carbapenem inactivation method for detec-
tion of carbapenemase-producing Enterobacterales
and Pseudomonas aeruginosa. Cureus 2024; 16(6):
€63340.

Kumarasamy KK, Toleman MA, Walsh TR, Bagaria

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

IRAN. J. MICROBIOL. Volume 17 Number 4 (August 2025) 539-548

J, Butt F, Balakrishnan R, et al. Emergence of a new
antibiotic resistance mechanism in India, Pakistan, and
the UK: a molecular, biological, and epidemiological
study. Lancet Infect Dis 2010; 10: 597-602.

Wattal C, Goel N, Oberoi JK, Raveendran R, Datta S,
Prasad KJ. Surveillance of multidrug-resistant organ-
isms in a tertiary care hospital in Delhi, India. J Assoc
Physicians India 2010; 58 Suppl: 32-36.

Hirsch EB, Tam VH. Detection and treatment options
for Klebsiella pneumoniae carbapenemases (KPCs):
an emerging cause of multidrug-resistant infection. J
Antimicrob Chemother 2010; 65: 1119-1125.

Parate A, Karyakarte R, Ambhore N. Phenotypic de-
tection of carbapenemase production and difference in
antimicrobial susceptibility pattern in clinical isolates
of Klebsiella pneumoniae at a medical college hospi-
tal in Vidarbha region. Indian J Microbiol Res 2017;
4: 253-258.

Vamsi SK, Moorthy RS, Hemiliamma MN, Chandra
Reddy RB, Chanderakant DJ, Sirikonda S. Phenotypic
and genotypic detection of carbapenemase production
among Gram-negative bacteria isolated from hospi-
tal-acquired infections. Saudi Med J 2022; 43: 236-243.
Diwakar J, Verma RK, Singh DP, Singh A, Kumari
S. Phenotypic detection of carbapenem resistance in
Gram-negative bacilli from various clinical specimens
of a tertiary care hospital in Western Uttar Pradesh. Int
J Res Med Sci 2017; 5: 3511-3514.

Parveen RM, Harish BN, Parija SC. Emerging carbap-
enem resistance among nosocomial isolates of Klebsi-
ella pneumoniae in South India. Int J Pharma Bio Sci
2010; 1: 1-11.

Pawar SK, Mohite ST, Shinde RV, Patil SR, Karande
GS. Carbapenem-resistant Enterobacteriaceae: preva-
lence and bacteriological profile in a tertiary teaching
hospital from rural western India. Indian J Microbiol
Res 2018; 5: 342-347.

Nair PK, Vaz MS. Prevalence of carbapenem-resistant
Enterobacteriaceae from a tertiary care hospital in
Mumbai, India. J Microbiol Infect Dis 2013; 3: 207-210.
Robert J, Pantel A, Mérens A, Lavigne JP, Nicolas-Ch-
anoine MH; ONERBA’s Carbapenem Resistance Study
Group. Incidence rates of carbapenemase-producing
Enterobacteriaceae clinical isolates in France: a pro-
spective nationwide study in 2011-12. J Antimicrob
Chemother 2014; 69: 2706-2712.

Nagaraj S, Chandran SP, Shamanna P, Macaden R. Car-
bapenem resistance among Escherichia coli and Kleb-
siella pneumoniae in a tertiary care hospital in South
India. Indian J Med Microbiol 2012; 30: 93-95.

Sood S. Identification and differentiation of carbapen-
emases in Klebsiella pneumoniae: a phenotypic test
evaluation study from Jaipur, India. J Clin Diagn Res
2014; 8: DC01-DCO3.

547


http://ijm.tums.ac.ir/

TOUSEEFA SHAFI ETAL.

3L

32.

548

Lorenzoni VV, Silva DDC, Rampelotto RF, Brats PC,
Villa B, Horner R. Evaluation of carbapenem-resistant
Enterobacteriaceae in a tertiary-level reference hospi-
tal in Rio Grande do Sul, Brazil. Rev Soc Bras Med
Trop 2017; 50: 685-688.

Fattouh M, El-din AN, Omar MA. Detection of Kleb-
siella pneumoniae carbapenemase (KPC) producing
Gram-negative superbugs: an emerging cause of mul-
tidrug-resistant infections in general surgery depart-
ment of Sohag University Hospital, Egypt. Int J Curr
Microbiol App Sci 2015; 4: 1-15.

33.

34.

IRAN. J. MICROBIOL. Volume 17 Number 4 (August 2025) 539-548

Chakraborty D, Basu S, Das S. A study on infec-
tions caused by metallo beta-lactamase producing
Gram-negative bacteria in intensive care unit patients.
Am J Infect Dis 2010; 6: 34-39.

Sadeghi MR, Ghotaslou R, Akhi MT, Asgharzadeh
M, Hasani A. Molecular characterization of extend-
ed-spectrum B-lactamase, plasmid-mediated AmpC
cephalosporinase and carbapenemase genes among
Enterobacteriaceae isolates in five medical centres of
East and West Azerbaijan, Iran. J Med Microbiol 2016;
65: 1322-1331.

http://ijm.tums.ac.ir


http://ijm.tums.ac.ir/

