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ABSTRACT

Background: Carbapenem-resistant Enterobacterales (CRE) have been identified as a
public health problem. Treatment options for CRE are limited as they are mostly resistant
to Peta-lactams, aminoglycosides, and fluoroquinolones as well as carbapenems. The
present study aims to evaluate the performance of three phenotypic methods compared to
a molecular-based technique for carbapenemase detection in Enterobacterales and
determining their applicability in clinical and epidemiological settings. Methods: A total
of 1,158 Enterobacterales were isolated from the urine samples in the microbiology
laboratory of Alexandria main university hospital during the period from April 2020 to
April 2021. Fifty randomly selected (39 Klebsiella and 11 E. coli) Enterobacterales were
screened for carbapenem resistance by disc diffusion method. They were subjected to 3
phenotypic tests which are: Carba NP method, Modified carbapenem inactivation method
(m CIM) and EDTA- modified carbapenem inactivation method (e CIM). Detection of 5
carbapenemase genes (blakpc, blaive, blavim, blaoxa-as and blanom-1) was performed using
real time PCR. Results: CRE represented 33% of Enterobacterales isolates. Twenty-six
cases (52%) were males and 94% of the cases were above 40 years old. Carba NP test was
positive in 43/50 (86%) of the selected isolates, m CIM was positive in 35/50 (70%) and
e CIM was positive in 30/50 (60%). The most common carbapenemase gene detected was
blanpm-1 (94%), followed by blaoxa-4s gene (72%) and blavim gene (24%). The blakpc gene
and blayve gene were not detected. Coexistence of the blapxa-as and the blanpm-1 genes was
detected in 48% isolates, while the blanpm-1, the blaoxa-4s and the blayvim genes were found
in 22% isolates. The sensitivity of Carba NP, m CIM and e CIM was 87.5%, 72.9%, and
85.7% respectively. Conclusion: The study highlights the necessity of early detection of
CRE. Carba NP test assists in the rapid identification of carbapenemase production.
However, the genotypic test remains the gold standard for detection of CRE.

Introduction

Urinary tract infections are the third most
frequent infection affecting humans after respiratory

and gastrointestinal infections. They are an
extremely prevalent cause of hosocomial infections
in hospitalized patients [1]. According to The
Infectious Diseases Society of America (IDSA) and
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the European Society of Clinical Microbiology and
Infectious Diseases (ESCMID), UTls are classified
into uncomplicated UTI and complicated UTI [2]. A
complicated UTI includes: urinary tract infections in
patients with urinary obstruction such as those
presenting with stones, infections in
immunosuppressed patients, Catheter-associated
urinary tract infections (CAUTI), and those
presenting with pyelonephritis or sepsis [3].
Indwelling urinary catheterization, which causes
40% of all hospital acquired infections worldwide,
is the most common risk factor of complicated UTI
[4].

E. coli is the most common bacterial agent
causing uncomplicated UTIs followed by other
Enterobacterales like Klebsiella spp and Proteus
spp [5]. In comparison with uncomplicated UTIs,
the microbes causing complicated UTIs are more
likely to exhibit antimicrobial resistance [6]. The
widespread use of empirical antibiotics leads to the
spread of antibiotic-resistant genes. This contributes
to the increased establishment of multidrug
resistance (MDR) in bacteria making the treatment
of UTIs more challenging [6]. The indiscriminate
use of antibiotics has increased since the emergence
of the COVID-19 pandemic which has led to the
emergence of antibiotic-resistant organisms [7].
Resistant pathogens thrive in healthcare facilities,
placing all patients at risk, regardless of their
medical conditions [7].

Enterobacterales have evolved over time
and developed different antibiotic resistance
mechanisms aiding in their survival and
multiplication [8]. The mainstays of today's
antibacterial weapons against Enterobacterales
continue to be [ -lactams antibiotics [9]. The
primary mechanism of beta-lactam resistance in
Enterobacterales is the synthesis of beta-lactamases
[10].

According to Ambler Classification, f-
lactamases are divided into four classes from A to D
based on the catalytic domain. Groups A, B, and D
can also hydrolyze carbapenems (carbapenemases).
@D However, class C p-lactamases hydrolyze
cephalosporins. Enzymes of classes A, C, and D
contain serine in the active catalytic site, while class
B enzymes have zinc in the active site [11].

In class A enzymes, the active serine group
can be inhibited by B-lactamase inhibitors such as
clavulanic acid and tazobactam [12]. On the other
side, Metallo-beta-lactamase MBL (class B), which

uses zinc ions to hydrolyze the Beta-lactam, can be
inhibited by chelating agent as EDTA [12].

Class A carbapenemases include KPC
(Klebsiella pneumoniae carbapenemase) which
were first isolated from K. pneumoniae isolates in
the United States, and afterwards they were reported
from different sources across the world from other
gram-negative microorganisms. Class A
Carbapenemases are distinguished by their capacity
to hydrolyze penicillins, cephalosporins,
carbapenems, as well as aztreonam [13].

Class B carbapenemases, often known as
metallo-beta-lactamase (MBL), are the most
clinically relevant carbapenemases. This class of
enzymes includes NDM (New Delhi metallo-p-
lactamase), IMP (Imipenem-resistant
Pseudomonas), and VIM (Verona integron-encoded
metallo-B-lactamase). Oxacillin-hydrolysing
carbapenemase (OXA) enzymes make up class D
carbapenemases and OXA-48 is the most common
in this class [14].

Carbapenemases genes are mostly found
on plasmid vectors and other transposable elements,
which allow their massive spread between bacteria
[13,14].

The carbapenem-resistant
Enterobacterales can  be  classified as:
Carbapenemase-producing CRE (CP-CRE) and
Non-carbapenemase-producing CRE  (non-CP-
CRE). CP-CRE are commonly plasmid -mediated
leading to the horizontal transfer of one or more
carbapenemase genes between different bacteria. >
Non-CP-CRE are mainly caused by a combination
of decreased outer membrane permeability together
with efflux pump overexpression and production of
beta-lactamases such as (AmpC-type or extended-
spectrum-lactamases) [15].

The Centers for Disease Control and
Prevention (CDC) modified the National Healthcare
Safety Network (NHSN) surveillance definition for
CRE to include Enterobacterales that showed
carbapenemase production through a phenotypic or
molecular assay or test resistant to any of the
carbapenem agents, including ertapenem. This new
definition may include non-CP-CRE [16].

As a result of the crucial connections
between CP-CRE detection, prompt start of efficient
antimicrobial medication, and infection control
measures, the detection of CP-CRE and non-CP-
CRE has grown to be of great significance. ®7
Phenotypic and molecular assays for carbapenemase
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production are essential for effective patient
screening and management [17]. Some Phenotypic
assays are colorimetric tests such as manual and
commercial versions of the Carba NP [17]. Another
category is the growth-based assays such as the
Modified Hodge test [MHT] and the carbapenem
inactivation method [CIM] [17]. Carbapenem
hydrolysis-based assays using the MALDI-TOF-
MS or spectrophotometric assays are another
example. Immunochromatogenic tests have also
been described [18].

Molecular assays have been the most
successful method for studying the epidemiology of
CRE and detecting carbapenemase genes. Molecular
identification may be achieved in hours, allowing
early diagnosis of CRE infections, initiating the
appropriate treatments, and reducing the probability
of infection spreading. However, this technology
detects the existence of resistance genes but does not
provide results of susceptibility testing or level of
resistance gene expression. Furthermore, genetic
variability in carbapenemase genes may limit
molecular identification of CRE, leading in
phenotypic resistance undetectable by gene
sequence assays [19].

The aim of this study was to:

Evaluate the performance of three
phenotypic methods compared to a molecular-based
technique for carbapenemase detection in fifty
clinical Enterobacterales isolates from urine
samples of cases with urinary tract infection and
determining their applicability in clinical and
epidemiological settings.

Materials and methods

A total of 1,158 Enterobacterales isolated
from the urine samples in the Microbiology
laboratory of Alexandria main university hospital
(AMUH) during the period from April 2020 to April
2021 were enrolled in the study. All the isolates
were identified by conventional microbiological
methods [20], followed by antibiotic susceptibility
test (AST) according to CLSI 2020 (Ed30)
guidelines using Bauer-Kirby disc diffusion
technique. Screening for carbapenem resistance was
carried out using ertapenem (ETP) 10 ug,
meropenem (MEM) 10 ug, and imipenem (IPM) 10
ug discs [21].

Carbapenem resistant Enterobacterales
showed reduced disc diffusion zone according to
CLSI 2020 (Ed30): meropenem <22 mm, imipenem
<22 mm and ertapenem <21 mm.

Fifty non-duplicated CRE isolates were
randomly selected and were further subjected to 3
phenotypic tests which are:

. The Carba NP method

. The  Modified  carbapenem
inactivation method.

. The EDTA- modified

carbapenem inactivation method.
l. Phenotypic assays:
1. Carba NP method:

The test was done using the commercial
RAPIDEC® CARBA NP Test (BioMérieux, La
Balme-les-Grottes,  France)  following  the
manufacturer’s Instructions. The RAPIDEC®
CARBA NP test, which detects Carbapenem
hydrolysis by Carbapenemase-producing bacteria,
detects all 3 types of Carbapenemase. Hydrolysis
acidifies the medium which results in the change in
color of the pH indicator indicating the presence of
Carbapenem resistance [22].

The test was done following the
manufacturer’s Instructions as follows:

a) Rehydration: 100 pL of the API
suspension provided with the kit was pipetted into
wells (a), (b) and (c) and was left for 10 minutes at
room temperature (15-25°C).

b) Lysis: The contents of well (b) was
mixed, CRE colonies picked from over-night-
incubated blood agar plates was inoculated in well
(c) until its turbidity matched well (b), followed by
incubation for 30 minutes at room temperature (15-
25°C), after bacterial lysis to extract the enzyme, the
lysate was added to a detection solution which
contains:( PH indicator, a carbapenem and zinc)

¢) Hydrolysis: 25 uL from well (c) was
transferred to wells (d) and (e) and 25 uL was
transferred from well (a) to wells (d) and (e) and it
was incubated for 30 minutes at 33-38°C.

d) Interpretation of Results:

If a color changed from red to yellow, light
orange, orange or dark orange in well(e), the result
was positive, and the test was complete.

If no color change was observed, the

incubation at 33-38°C was continued for up to 2
hours before the final reading.

Modified Carbapenem inactivation method (m
CIM):
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The test was done according to the CLSI
2020 (Ed30) guidelines as follows [21]:

a) For each isolate to be tested, a 1-
uL loopful of bacteria from an overnight blood agar
plate were emulsified in 2 mL Tryptic Soy Broth
(TSB). Followed by vortexing for 10-15 seconds.

b) 10-pg meropenem disk was added

to each tube using sterile forceps making sure that
the entire disk is immersed in the suspension.

c) It was then incubated at 35°C +
2°C in ambient air for 4 hours + 15 minutes.
d) A 0.5 McFarland suspension

(using the colony suspension method) of E. coli
ATCC® 25922 in nutrient broth was prepared
immediately following completion of the TSB-
meropenem disk suspension incubation.

e) The suspension was inoculated on
Mueller Hinton Agar (MHA) plate as for the routine
disk diffusion procedure making sure the inoculum
suspension preparation and MHA plate inoculation
steps are each completed within 15 minutes.

f) The meropenem disc was
removed from each TSB-meropenem disk
suspension using a 10-pL loop and was placed on
the MHA plate previously inoculated with the
meropenem-susceptible E. coli ATCC® 25922
indicator strain.

g) The MHA plates were inverted
and incubated at 35°C + 2°C in ambient air for 18—
24 hours.

h) Following incubation, the zones
of inhibition were measured as for the routine disk
diffusion method.

Interpretation:

e Carbapenemase positive: Zone diameter of
6-15 mm or presence of pinpoint colonies
within a 16-18 mm zone.
e Carbapenemase negative: Zone diameter of
> 19 mm (clear zone).
e Carbapenemase indeterminate:  Zone
diameter of 16-18 mm or zone diameter of
> 19 mm and the presence of pinpoint
colonies within the zone.
EDTA- modified carbapenem inactivation
method (e CIM):

The test was done according to the CLSI
2020 (Ed30) guidelines as follows [21]:

a) 20 pL of the 0.5 M EDTA was
added to 2-mL TSB tube to obtain a final
concentration of 5 MM EDTA.

b) Steps a through h were repeated as
for m CIM procedure and processed the m CIM and
e CIM tubes in parallel.

c) The meropenem discs from the m
CIM and e CIM tubes were placed on the same
MHA plate inoculated with the meropenem
susceptible E. coli ATCC® 25922 indicator strain.

d) Interpretation:

e  Metallo-beta-lactamase positive: > 5-mm
increase in zone diameter for e CIM vs.
zone diameter form CIM.

e Metallo-beta-lactamase negative: < 4-mm
increase in zone diameter for the e CIM vs.
zone diameter of m CIM.

Molecular testing:

The fifty CRE isolates were further
analyzed for the presence of Five carbapenemase
genes (b|aKpc, blaive, blaviv, blaoxa-4g and b|aNDm.1)
using SYBR green real-time PCR.

DNA extraction:

o DNA for PCR was extracted using QIAMP
DNA kit (Qiagen, Germany), according to
the manufacturers' instructions. Evaluation
of the quality of the extracted DNA was
carried out wusing The NanoDrop
Spectrophotometer (Thermo, USA).

Primers:

The primers used for PCR amplification of
the different carbapenemase genes are shown in
table 1.

PCR amplification:

a) The PCR reaction was performed
in a total volume of 10 pL with a 4 uL. DNA extract,
0.5 pL of each of the forward and reverse primers, 5
pL of master mix (DreamTaq Green PCR Master
Mix, Thermo Scientific, USA). DreamTaq Green
PCR Master Mix is a premixed solution containing
DreamTaq DNA polymerase, optimized DreamTaq
Green buffer, 4AmM MgCI2 and 0.2 mM dNTPs. The
amplification conditions were initial denaturation at
94°C for 5 min, 30 cycles of 94°C for 1 min, 54°C
for 1 min and 72°C for 1.5 min, and a final
elongation at 72°C for 7 min. Melting curve analysis
was performed to check the specificity of the
amplified products. The PCR products were
electrophoresed and visualized under UV light to
check specificity of the amplicons and the melting
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temperature of each for further confirmation of the
results (Figure 2).

b) The PCR reaction was done using
the Rotor-Gene Q (Qiagen) real time PCR and was
analyzed according to the melting temperature in the
presence of positive and negative controls.
Statistical analysis

Data was fed to the computer and analyzed
using IBM SPSS software package version 20.0.
(Armonk, NY: IBM Corp) Qualitative data were
described using number and percent. The
significance of the obtained results was judged at the
5% level.

Results

During the period from April 2020 to April
2021, a total of 1,158 Enterobacterales were
isolated from the urine samples received in the
microbiology laboratory of Alexandria main
university hospital. E. coli represented the biggest
number of isolates (572, 49%) of which 74 isolates
(12.9%) were carbapenem resistant by disc
diffusion. This was followed by Kilebsiella
(492,42%) isolates of which 309 (62.8%) were
carbapenem resistant by the same screening method.
Enterobacter, Proteus and Citrobacter species were
isolated from a total of 94 (9%) urine samples, and
they didn’t show carbapenem resistance. Three
hundred eighty-three  (33%) isolates were
carbapenem resistant Enterobacterales and 775
(67%) were carbapenem sensitive. Klebsiella sp.
represented the majority of CRE (309 ,80.7%),
versus (74, 19.3%) carbapenem resistant E.coli.

In the current study, 50 carbapenem
resistant Enterobacterales were randomly selected
(39 Klebsiellaand 11 E. coli). Twenty nine out of 50
(58%) isolates were associated with CAUTI [22
klebsiella & 7 E.coli]. The remaining 21 isolates
(42%) [17 Kklebsiella & 4 E.coli] were non CAUTI
complicated UTI.

When analyzed according to the
demographic data, it was found that 47 (94%) of the
cases were above 40 years old. They were mostly
residents of the internal medicine and ICUs while
only 3 cases were from the urology department.
Twenty-six cases (52%) were males and 24 (48%)
were females. The Mean age of the patients was
62.66 £ 16.22. Complicated UTI was slightly higher
in females (41.7%) than males (38.5%), while
CAUTI was encountered more in males (61.5%)
compared with females (58.3%), but this difference
was not statistically significant (p 0.817).

Antimicrobial susceptibility test results

All the 50 isolates enrolled in the study
were tested against 20 antimicrobial agents
including ertapenem, imipenem and meropenem
(Fosfomycin was tested with E. coli isolates only).
The resistance rates of 39 Klebsiella and 11 E. coli
isolates are shown in figure 2 and figure 3.

AMK: Amikacin, AMC:
Amoxycillin/Clavulanic Acid, SAM:
Ampicillin/Sulbactam, CIP: Ciprofloxacin, FEP:
Cefepime, CAZ: Ceftazidime, CRO: Ceftriaxone,
CXM: Cefuroxime, ETP: Ertapenem, GEN:
Gentamycin, IPM: Imipenem, LVX: Levofloxacin,
MEM: Meropenem, NIT: Nitrofurantoin, NOR:
Norfloxacin, OFX: Ofloxacin, TZP:

Piperacillin/Tazobactam, SXT:
Trimethoprim/Sulfamethoxazole, CZA:
Ceftazidime/Avibactam, COL.: Colistin.

AMK: Amikacin, AMC:
Amoxycillin/Clavulanic Acid, SAM:

Ampicillin/Sulbactam, CIP: Ciprofloxacin, FEP:
Cefepime, FOS: Fosfomycin, CAZ: Ceftazidime,
CRO: Ceftriaxone, CXM: Cefuroxime, ETP:
Ertapenem, GEN: Gentamycin, IPM: Imipenem,
LVX: Levofloxacin, MEM: Meropenem, NIT:
Nitrofurantoin,  NOR: Norfloxacin,  OFX:
Ofloxacin, TZP: Piperacillin/Tazobactam, SXT:
Trimethoprim/Sulfamethoxazole, CZA:
Ceftazidime/Avibactam, COL.: Colistin.

The results of the three phenotypic assays
are shown in table 2.

Regarding the results of the genotypic test,
48 out of the 50 isolates (96%) were positive with
one or more of the tested genes. The distribution of
the five tested carbapenem resistance genes among
all isolates is shown in table 3.

Correlating the results of the phenotypic
tests (Carba NP, m CIM and e CIM) and molecular
test, the Carba NP tested positive in 42/48 (87.5%)
of the PCR positive isolates harboring one or more
of the tested genes. Interestingly, only one out of 50
isolates were positive with the Carba NP but did not
harbor any of the tested genes.

The m CIM tested positive in 35/48
(72.9%) of the PCR positive isolates harboring one
or more of the tested genes. The e CIM tested
positive in 30/48 (62.5%) of the PCR positive
isolates. e CIM was positive in 29/47 (61.7%) of the
isolates harboring metallo-beta-lactamases.
Unexpectedly, one isolate was positive in the e CIM
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but did not harbor any of the metallo-beta-
lactamases tested in the present study.

The sensitivity, specificity, positive
predictive and negative predictive values of the
Carba NP in this study were 87.5%, 50%, 97.7% and
14.3% respectively considering that the genotypic

test is the gold standard method. On the other hand,
the sensitivity, specificity, positive predictive value
and negative predictive value of the m CIM in this
study were 72.9%, 100%, 100% and 13.3%
respectively. The sensitivity of the e CIM to detect
MBL production in this study was 85.3%.

Table 1. Sequences of primers used for detection of carbapenemase encoding genes in isolates of

Enterobacterales by PCR

Primers Sequence Gene
KPC Forward [23] 5-ATGTCACTGTATCGCCGTCT-3’ blaxec
KPC Reverse [23] 5-TTTTCAGAGCCTTACTGCCC-3’

IMP Forward [24] 5-GAA GGY GTT TAT GTT CAT AC-3’ blane
IMP Reverse [24] 5-GTAMGT TTC AAG AGT GATGC-3'

VIM Forward [24] 5-GTT TGG TCG CAT ATC GCA AC-3’ blaviu
VIM Reverse [24] 5'-AAT GCG CAG CAC CAG GATAG-3'

OXA-48 Forward [23] | 5-TTGGTGGCATCGATTATCGG-3’ blaoxass
OXA-48 Reverse [23] | 5- GAGCACTTCTTTTGTGATGGC-3' ]
NDM-1 Forward [23] | 5-GGGCCGTATGAGTGA-3'. blanous
NDM-1 Reverse [23] | 5-GAAGCTGAGCACCGCATTAG-3' ’

Table 2. Distribution of the isolates in the present study according to phenotypic tests’ results

Carba NP m CIM e CIM
Organism positive negative positive negative positive negative
No. | % No. | % No. | % No. | % No. | % No. | %
E. coli (n=11) 8 72.7 3 27.3 8 727 |3 213 |7 875 |1 125
Klebsiella (n=39) 35 | 89.7 4 10.3 27 | 692 |12 |308 |23 |852 |4 14.8
Total 43 | 86 7 14 35 |70 15 | 30 30 {858 |5 14.2
Table 3. The distribution of carbapenem resistance genes among the selected isolates
NDM OXA 48 VIM KPC IMP
NO. % NO. % NO. % NO. % NO. %
E. coli (n=11) 10 90.9 8 72.7 2 18.2 0 0 0 0
Klebsiella (n=39) | 37 94.9 28 71.8 10 25.6 0 0 0 0
TOTAL n=50 47 94 36 72 12 24 0 0 0 0

Figure 1. Melting temperature curves of the blaoxa-ss (A), b

lanpm-1 (B), and blayim (C)

A B C
OXA-48 Ndm VIM
Tm: 81.5£0.5°C Tm: 88+ 0.5°C Tm: 89.7°C
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Figure 2. Antibiotic resistance rates of carbapenem-resistant klebsiella in the current study.
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Figure 3. Antibiotic resistance rates of carbapenem-resistant E. coli in the current study.
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Discussion

Carbapenem resistant Enterobacterales
(CRE) are emerging as a significant contributor to
health care-associated infections. Since treatment
options are limited, timely detection of CRE is
important [25]. The present study aimed to evaluate
the performance of three phenotypic methods
compared to a molecular-based technique for
carbapenemase detection among Enterobacterales.

According to the present study, 33% of the
isolates were resistant to carbapenems with higher
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prevalence of carbapenem resistant Klebsiella sp.
(CRKP) (80.7%) compared with Escherichia coli
(CREC) (19.3%). The current results are consistent
with worldwide studies on the epidemiology of CRE
which reported that the most prevalent carbapenem
resistant ~ Enterobacterales  were  Klebsiella
pneumoniae (CRKP) and Escherichia coli (CREco)
representing approximately 90% of all CRE isolates
[26]. Moreover, our results agreed with studies
conducted by Xu et al [27] and Pang et al [28] who
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reported that K. pneumoniae was the most
frequently isolated CRE [27,28].

Antimicrobial resistance expanded over the
past two decades due to the augmented increase in
global antibiotic consumption [17]. As a
consequence, carbapenem-resistant
Enterobacterales (CRE) endemic and epidemic
emergence has been widely reported in hospitals
[17]. Another important reason behind the wide
spread of CRE across the globe is the exponential
rise in antibiotic use during the (SARS-CoV-2)
pandemic which aided in the selection of antibiotic-
resistant bacteria, particularly carbapenemase
producers [29]. SARS-CoV-2 pandemic
exacerbated the antimicrobial resistance by
increasing the risk of co-infection, unlicensed use of
antibiotics, increasing the rate of empirical
antimicrobial treatment for respiratory illness,
decreasing resistance surveillance due to a focus on
COVID-19 diagnosis [29].

According to the demographic data of our
study, UTIs were slightly higher in males and this
finding aligns with observations of previous studies
[30,31]. However, the literature shows contradictory
findings on the relevance of gender as a risk factor
for drug-resistant UTIs [32]. While other research
reported no differences at all regarding antibiotic
sensitivity among Enterobacterales isolated from
UTlIs in males and females [32].

In the current study, the majority of CRE
were isolated from patients with CAUTI (58%) and
50% of the isolates were mostly from ICUs. The
high rate of CRE isolation from ICU may be
explained by the longer hospitalizations, greater age
of patients, greater antibiotic exposure and more
carbapenem exposure, and required invasive therapy
[33].

The antibiogram of the randomly selected
50 CRE isolates in the current study showed
resistance to most of the antibiotics tested including
cephalosporins, aminoglycosides and carbapenems.
But almost all isolates were sensitive to colistin and
ceftazidime-avibactam and this result is consistent
with other studies [34,35]. Therefore, Combination
therapy is recommended to lower both mortality and
morbidity rates [36]. Contrary to our results, a high
rate of colistin resistance among CRE was observed
in a study by Armin S et al [37] and Haeili M et al
[38].

In our study, Carba NP showed 87.50 %
sensitivity and 50% specificity for detection of

carbapenemase production. In agreement with our
result, a previous study demonstrated excellent
sensitivity of the Carba NP for most
carbapenemases ranging from 73 to 100% [39]. On
the contrary, lower rate was reported in a study in
Iran where the Carba NP sensitivity was 25% [40].

The variance in Carba NP test sensitivity
might be attributable to a range of factors, including
changes in carbapenemase frequency rates, reduced
hydrolyzing activity of some enzymes, decreased
gene expression in some bacteria, and Mucoid
colonies, which makes the protein extraction
difficult [41].

The Carba NP specificity in this study
(50%) was close to Thomson et al which showed
that Rapidec Carba NP was 60.8% to 78.4% specific
[42]. This may be explained by the ability of Carba
NP to detect enzymes not encoded by the five tested
genes [42]. In the current study, carba NP was
negative in 6 isolates harboring either 2 or 3
carbapenemase genes including OXA-48. Similar
findings were reported by Ho et al [43]. Ho et al.
reported that they failed to detect more than two-
thirds of the OXA-48 producing isolates using the
Carba NP test [43]. The lower sensitivity and the
limitation of Carba NP test to detect OXA-48
carbapenemases was explained by the limited
hydrolytic activity of OXA-48 which may decrease
the test sensitivity [44].

Regarding m CIM test diagnostic
performance, our results were comparable to
previous studies which have showed high sensitivity
and specificity of mCIM for identifying widely
detected carbapenemase types such as KPC, NDM,
VIM, IMP, and OXA-48-like [45,46]. Consistent
with our finding, Tsai YM et al reported similar
specificity but higher sensitivity of m CIM (100%)
[47]. Interestingly, The CIM test is known to have a
decreased detection rates of the OXA-48-type
carbapenemases, but this is not the case in the m
CIM. However, it was mentioned in the CLSI that
not all carbapenemase producing Enterobacterales
are m CIM positive [21].

In our study, the sensitivity of the eCIM
test for metallo-beta-lactamase detection (85.29 %)
was comparable to those of Tsai et al. who reported
89.3% sensitivity of the eCIM [47]. Tsai et al
showed a false-negative result by mCIM/eCIM
although the presence of MBL in the isolate which
showed low resistance to carbapenems. Tsai et al
claimed that the carbapenem resistance level of
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bacteria can affect the accuracy of mCIM/eCIM to
detect carbapenemase, which necessitates further
investigations [47].

Regarding the genotypic test results, 96%
of the isolates were PCR positive. This result is
comparable with literature as the sensitivities for
molecular assays are between 97 and 100% [48].
Molecular methods continue to be most reliable and
efficient for accurate carbapenemase detection [48].

In our study, the blanom-1 gene was the
most prevalent (94%) followed by the blaoxa-4s gene
(72%) and blavim gene (24%) and this finding is
consistent with a study conducted in Ain Shams
University, Egypt [49].

Interestingly,  high  prevalence  of
concurrent multiple carbapenemases was detected in
the current study with the coexistence of blanpm-1
and blaoxa4s as the most frequently detected
combination and this finding is consistent with
previous studies [50-52]. In the current study,
neither blakec nor blayve was detected. Similarly, a
study conducted in Kafrelsheikh, Egypt reported
absence of blakec and blame among their isolates
[52].

The discovery of conjugative plasmids
containing blanom-1 and blaoxa4s genes in CRE
isolates indicates that these plasmids aid in the
spread of carbapenemase genes throughout
Enterobacterales species. As a result, carbapenem
resistance in CRE isolates is likely to be connected
with the dissemination of these genes [53].

Interestingly in our study, one klebsiella
isolate was PCR negative and Carba NP positive.
The negative PCR result may be explained by the
presence of other carbapenemases genes that were
not included in our study [54].

Surprisingly, an E.coli isolate was negative
for both phenotypic and genotypic tests in spite of
being carbapenem  resistant in  antibiotic
susceptibility test by disc diffusion. This can be
explained by the possibility of the existence of a
combination of other mechanisms of resistance e.g.
(production of an ESBL or extended spectrum
cephalosporinase  combined  with  decreased
bacterial cell wall permeability to influx of
carbapenem antibiotics) [55].

Our study observed that the performance of
genotypic tests is superior to the phenotypic tests,
which has been supported by numerous prior studies
utilizing molecular testing as the gold standard [48].

Conclusions

The results of this study showed a high
carbapenem resistance rate among Enterobacterales
(especially Klebsiella spp) isolated from urine
cultures in our hospital settings, which reflects a
threat limiting the treatment options in our hospitals.
Most of the carbapenem resistant Enterobacterales
(CRE) isolates in this study showed extensive drug
resistance where they were only sensitive to colistin
and ceftazidime-avibactam.  Therefore, early
detection of CRE is crucial for patient safety. The
Rapidec® Carba NP test assists in the rapid
identification of carbapenemase production.
However, it is expensive and negative results should
be confirmed with additional carbapenemase
detection methods. The m CIM is cost-effective and
easily adoptable on routine basis, but it requires
overnight incubation. The m CIM together with e
CIM are useful for identifying and classifying
different types of carbapenemase in
Enterobacterales.

The genotypic test remains the gold
standard for detection of CRE. It is accurate and
identifies the carbapenemase produced which is
crucial for therapy, however it is expensive to be
routinely used.

The blanpm-1 gene was the most prevalent
followed by the blaoxa-ss, their coexistence was
frequently detected. Neither blave nor blakec was
detected in the present study.

Recommendations

The high percentage of carbapenem
resistance calls for more rigid infection control
measures and establishing strict antibiotic policies to
limit the unnecessary use of carbapenems. Further
studies are needed to investigate other phenotypic
tests for detection of the type of carbapenemase
produced.
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