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ARTICLE INFO ABSTRACT

Article History The opportunistic bacteria Pseudomonas aeruginosa is commonly
Received:21/4/2022  linked to skin infections. When dealing with P. aeruginosa, carbapenem is your
Accepted:31/5/2023  best bet. It is of international concern because beta-lactamase synthesis might lead

Auvailable:6/6/2023 to carbapenem resistance. Among all the beta-lactamases, Metallo-Beta lactamases
are the most versatile. The purpose of this study was to isolate metallo—
Keywords: lactamase-producing P. aeruginosa from wound infections. One hundred and

Carbapenemase, P. twenty samples from patients with burn wound infections were collected and
tested using conventional microbiological methods for the presence of P.

aeruginosa, aeruginosa. Using species-specific primers against the oprL and Oprl genes of P.
Modified aeruginosa, a polymerase chain reaction was used to conduct a molecular
carbapenem characterisation of P. aeruginosa. Antimicrobial susceptibility testing was
inactivation method, conducted using the Kirby Bauer disc diffusion technique. Certain primers were
Sensitivity, used in a polymerase chain reaction to detect P. aeruginosa carrying the

Specificity, Kirby  carbapenemase gene. Using the modified carbapenem inactivation technique and
Bauer Disc Diffusionthe EDTA carbapenem inactivation approach, we were able to phenotypically
Method identify metallo-beta-lactamase-expressing genes. Carbapenemase-encoding
' genes' sensitivities and specificities were determined. Forty-six out of a possible
one hundred P. aeruginosa (38%) were successfully recovered, with their identity
validated by a polymerase chain reaction (PCR) experiment. The highest level of
resistance was discovered against Cefepime (87%) and the lowest level of
resistance was recorded against colistin (33%). A total of 25 (54%) were
multidrug-resistant isolates. Out of 46, 35(76%) were confirmed for
carbapenemase production by performing PCR. The prevalence of carbapenemase
encoding genes was as follows: blaSPM (14%), blaVIM (25.7%), blaNDM (40%),
blakKPC (2.85%) and blalMP (17%). The modified carbapenem inactivation
method showed 91.42% positive results and eCIM showed 90.62% positive
results. Phenotypic detection showed more sensitivity and less specificity. Results
concluded that mCIM and eCIM were considered a less expensive, more sensitive
and suitable method to distinguish class A and class B of carbapenemase-
producing P. aeruginosa.

INTRODUCTION

Pseudomonas aeruginosa is a Gram-negative, aerobic bacillus, pigment-producing
bacterium (Aabed and Mohammed, 2021). Pseudomonas aeruginosa is an opportunistic as
well as nosocomial pathogen (Abbas et al., 2019).
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It is a non-lactose fermenter, that
has flat, large greenish colonies, which have
a pearlescent appearance and fruity smell
(Birla et al., 2003). It has a circular
chromosome, which is quite large
comprising of 5.5 to 6.8 million base pairs
approximately. Its G + C content is 65 to
67%. Pseudomonas aeruginosa can thrive in
extreme environments because of its ability
to withstand moisture (Abdolhosseini et al.,
2019; Bose and Chatterjee, 2016). A wide
spectrum of infections caused by P.
aeruginosa in a clinical environment and
community including bacteremia, ear
infection, lung infection, eyes infection,
pneumonia, UTI and surgical site infection,
and it causes significant mortality and
morbidity (Habash et al., 2017). It also
causes wound-associated infection, infection
of joints, and gastrointestinal tract infection.
Patients with cystic fibrosis are at great risk
(Habash et al., 2014; Abdulhaq et al., 2020).
Carbapenem has emerged as an important
antibacterial agent for the clinical treatment
of extreme infections affected by P.
aeruginosa. P. aeruginosa resistant to
carbapenem is a developing global issue
(lbraheem et al.,, 2019). It is a great
challenge to treat infection caused by P.
aeruginosa, as it recognizes as a “Superbug”
because of its increasing tendency of
developing resistance to almost every drug
used (Tasleem et al., 2022). P. aeruginosa is
listed as a priority pathogen and an Urgent
Threat Pathogen according to World health
organization, as well as a center for disease
control and Prevention (Abdullah et al.,
2021).

Intrinsic resistance pathways are

significantly more common, and
carbapenem-resistant P. aeruginosa
frequently exhibits the following:
Overexpression of chromosomal

cephalosporins, diminished expression or
deletion of OprD outer membrane protein,
by losing prions i.e. OprD as well as by
producing enzymes that inactivate antibiotics
e.g P-lactamase, extended-spectrum -
lactamase AmpC B-lactamase and Metallo-p-
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lactamase and hyperexpression of efflux
pump systems, which quickly pumps
antibiotics outside of the cell (Abo-Shama et
al., 2020; Ali et al., 2020). The resistance
mechanism also includes the production of
serine and metallo-B-lactamase which are the
classes of p-lactamase (Dupuy et al., 2018).
Beta lactamases trigger the hydrolysis of
antibiotics by cleaving an amide bond
present in their B-lactam ring i.e. penicillin,
carbapenem, cephalosporins, etc. (Aabed and
Mohammed, 2021). For the development of
acquired resistance, horizontal gene transfer
or mutational mechanisms are used (ljaz et
al., 2019; Jaiswal and Mishra, 2018).

Metallo-B-lactamases are
extracellular  or  periplasmic  enzymes
generated by bacteria. Metal binding sites
are preserved in all known representatives
and zinc ions are essential as enzyme
cofactors. These enzymes can break down all
B-lactam antibiotics except monobactames
and have a particular carbapenemase activity
that is continuous and efficient. Furthermore,
therapeutic -lactamase inhibitors have little
effect on metallo-p-lactamases (Bayroodi
and Jalal, 2016). Metallo-p-lactamases
catalyze the same chemical process as serine
enzymes but with one or two divalent cations
(Zn?*) coordinated to water molecules as the
reactive nucleophiles.

Carbapenemase has been identified
using a variety of phenotypic and genotypic
methods (Danjuma and Abdullahi, 2020).
Phenotypic tests detect carbapenemase
activity allowing for the detection of
previously unknown carbapenemase. mCIM
and eCIM techniques are such phenotypic

assays (Brink, 2010). For detecting
carbapenemase synthesis, the mCIM exhibits
higher sensitivity than the CIM in
Enterobacteriaceae and glucose-

nonterminating Gram-negative bacteria, the
test is the simplest procedure, especially in a
laboratory with low resources. The mCIMs
employed to recognize carbapenemase
synthesis in Gram-negative bacteria, on the
other hand, can be enhanced (Boyanova,
2018).
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The capacity of EDTA to inhibit
metallo-p-lactamase  activity has been
validated for the identification of
Enterobacteriaceae that produce MBL (Hari
et al., 2014). To distinguish metallo-p-
lactamase-producing enterobacteriaceae, the
eCIM is simple to use and can be applied
easily in any medical laboratory (Haghi et
al., 2018). The primary goal of the current
investigation was isolation, identification,
molecular characterization and Antibiogram
analysis of P. aeruginosa as well as
phenotypic  detection of carbapenem-
resistant P. aeruginosa that has the ability to
produce metallo beta-lactamase by utilizing
mCIM and eCIM.

MATERIALS AND METHODS
Ethical Permission:

Before beginning the study project,
approval from the University's ethical review
committee was obtained and prior to
collecting samples, a formal authorization
from the hospital was also acquired.

Sample Collection:

One hundred and twenty samples
were taken from patients at Allied Hospital
Faisalabad who had an underlying burn
wound infection. Specimens were collected
by employing a sterile cotton swab (El-Deeb
et al., 2020).

Pseudomonas aeruginosa Isolation And
Identification:
Swabs samples were streaked via the

streak plate method on Pseudomonas
cetrimide and incubated at 37°C for 24 hours
for the isolation of P. aeruginosa (Duran et
al., 2010). colony morphology, Pigment
production, gram staining, and biochemical
tests such as the indole test, citrate utilisation
test, oxidase, catalase, and the triple sugar
iron test were used to determine the
identities of the isolates (Ahmed and
Dablool, 2017). Biochemical tests were also
done for the identification of Pseudomonas

aerugniosa.
DNA Extraction and Molecular
Characterization of Pseudomonas
aeruginosa:

All isolates were subjected to DNA
extraction by boiling method (Farva and
Bhutta, 2021). The isolated DNA was
polymerized using species-specific primers
(Table 1) targeting the oprL and oprl genes.
The conditions used in the polymerase chain
reaction (PCR) consisted of an initial
denaturation at 94 degrees Celsius for 4
minutes, followed by 30 cycles of
denaturation for 45 seconds, annealing at 57
degrees Celsius for 1 minute, and
polymerizing at 72 degrees Celsius for 1
minute, and finally an extension cycle at 72
degrees Celsius for 5 minutes. The gel doc
system was used on an ethidium bromide-
stained 1% agarose gel to see PCR
amplification results (Boyanova, 2018; Khan
and Hariri, 2023).

Table 1: Primer Sequence Of Specie Specific Genes.

Targeted Forward primer Reverse primer Product Reference
| gene size (bp)
Oprl 5°-ATGAACAACGTTCTGAAATT 5-CTTGCGGCTGGCTTTIT 249bp (Fadwa et al.,
CTCTGCT-3" TCCAG-3’ 2021)
oprL 5°-ATG GAAATGCTGAAATTCGGC-3" | 5°-CTTCTTCAGCTCGACG 504bp [40]
CGACG-3’
blaSPM | 5-CCTACAATCTAACGGCGACC-3 5-TCGCCGTGTCCAGGTA 674 (Momenah
TAAC-3 etal., 2023)
blaVIM | 5°-GTT TGG TCG CAT ATC GCA AC-3" | 5°-AAT GCG CAG CAC CAG | 382
GAT AG-3°
blaIMP | 5°-GAA GGA GTT TAT GTT CAT AC-3" | 5°-GTA CGT TTC AAG AGT | 587
GAT GC-3° (Jalal er al.,
blakKPC | 5°-CGT CTA GTT CTG CTG TCT TG-3’ | 5°-CTT GTC ATC CTT 798 2023)
GTT AGG CG-3’
blaNDM | 5°-GGT TTG GCG ATC TGG TTT TC-3° | 5°-CGG AAT GGC TCA TCA | 621
CGA TC-3’
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Antimicrobial Susceptibility Test:

All isolates were subjected to detect
antibiogram analysis by utilization of Kirby-
Bauer disc diffusion assay in accordance
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with CLSI 2020 recommendations (Almalah
et al., 2019). Mueller Hinton agar was used
for an antimicrobial profile of different
antibiotics given in Table 2.

Table 2: Interpretive Criteria For Zone Of Inhibition Of Different Antibiotics Against

P.Aeruginosa.

Class of Drug name Disc Disc diameter
antimicrobial drugs content (ng) | Sensitive | Resistant | Intermediate
Polymyxin Colistin 10 >15 <12 13-14
Aminoglycoside Tobramycin 30 >15 <12 13-14

Amikacin 30 =17 <14 15-16
Gentamicin 10 =15 <12 13-14
Carbapenemase Meropenem 10 >19 <15 16-18
Imipenem 10 >19 <15 16-18
Cephalosporins Cefoxitin 30 >18 <14 15-17
Cefepime 30 >18 <14 15-17
Ceftazidime 30 =18 <14 15-17
Ceftriaxone 30 >18 <14 15-17
Fluoroquinolones Ciprofloxacin 5 =25 <18 19-24
Penicillin Ampicillin 25 >17 <13 12-16
Piperacillin 100 >21 <14 15-20

Molecular Detection Of Carbapenemase
in Pseudomonas aeruginosa:

For the molecular characterization
of carbapenemase-producing P. aeruginosa
PCR was performed. Carbapenemase-
encoding genes blalMP, blaSPM, blaNDM,
blaVIM and blaKPC were identified by
utilizing specific primers (Table 1). Initial
denaturation was carried out at 94 degrees
Celsius for 4 minutes, annealing was carried
out at 52.3 degrees Celsius for 45 seconds, at
94 degrees Celsius for 35 cycles of 1 minute,
and extension was carried out at 72 degrees
Celsius for 4 minutes (Jalal et al., 2023).
Phenotypic  Detection By Modified
Carbapenem Inactivation Method:

With the help of a sterilized
inoculated  loop  10ul  loopful  of
Pseudomonas aeruginosa colonies were
streaked in 2ml of Trypticase soy broth. A
10-ug meropenem disc was inserted in the
inoculated tube after the mixture was
vortexed. Tubes were incubated for 4 hours.
Just before the 4-h carbapenem inactivation
step, an mCIM indicator bacteria mixture
(Escherichia coli ATCC 25922, a

carbapenem-susceptible strain) with turbidity
approximating the 0.5 McFarland standard
was prepared, and the surface of an MHA
plate was inoculated following the procedure
for standard disc diffusion susceptibility
testing. The meropenem (MEM) disc was
taken from the TSB bacterial solution using
a 10l inoculating loop and dragged down the
tube's edge to remove surplus liquid before
being put on the infected MHA plate and
incubated inverted for 18 to 24 hours at 35°C
in the ambient atmosphere (Haghi et al.,
2018). The Outcome Was Seen.

EDTA Carbapenem Inactivation Method:

EDTA-modified carbapenem
inactivation method test was carried out with
each isolate (10-ul loopful of P. aeruginosa)
and homogenized in a 2-ml aliquot of TSB-
EDTA (EDTA concentration, 5 mM). The
procedure was the same as in mCIM (Hari et
al., 2014). Results were observed
Data Analysis:

The sensitivity and specificity of
mCIM and eCIM were calculated by
utilizing
[https://www.medcalc.org/calc/diagnostic_te
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st.php], an internet-based calculator.
RESULTS

Isolation and Identification

Pseudomonas aeruginosa:

Out of 120 burn wound samples,
46(38%) were positive for P. aeruginosa by
examining the results of gram staining that
showed P. aeruginosa Iis gram-negative
bacteria and results of different biochemical

of

tests were also observed.
Molecular Characterization
Pseudomonas aeruginosa:

A total of 46 isolates were subjected
molecular  characterization of P.

of

to

aeruginosa. All isolates were confirmed
positive for P. aeruginosa by observing the
results of PCR (Fig. 1).

Fig. 1: molecular characterization of Pseudomonas aeruginosa: Polymerase chain reaction

based detection of P.aeruginosa oprL (504bp);

Antimicrobial Susceptibility Test:

In the current study, different
antibiotics were used. The highest resistance
was observed against Cefepime (87%) and
the least resistance was observed against

ladder size 100bp, lane 2-8: positive samples

colistin (33%). The resistance pattern of
isolates against different antibiotics is shown
in detail in Table 3. Prevalence of MDR P.
aeruginosa was found 54%.

Table 3: Antibiogram analysis of different antibiotics against P. aeruginosa.

Class of Antibiotics Sensitive Resistant Intermediate
antimicrobial drugs (%) (%) (%)
Polymyxin Colistin 26 (56%) 15 (33%) 5(11%)
Aminoglycoside Tobramycin 5(11%) 39 (85%) 2 (4%)

Amikacin 11 (24%) 28 (61%) 7 (15%)
Gentamicin 5(11%) 38 (83%) 3 (6%)
Carbapenemase Meropenem 11 (24%) 26(57%) 9 (19%)
Imipenem 7 (15%) 35 (76%) 4 (9%)
Cephalosporin Cefoxitin 10 (22%) 30 (65%) 6 (13%)
Ceftriaxone 8(17%) 32 (70%) 6 (13%)
Cefepime 4 (9%) 40 (87%) 2 (4%)
Ceftazidime 6 (13%) 36 (78%) 4 (9%)
Fluoroquinolones Ciprofloxacin 10 (22%) 30 (65%) 6 (13%)
Penicillin Ampicillin 9(20%) 31 (67%) 6 (13%)
Piperacillin 12 (26%) 27 (59%) 7 (15%)

Molecular Identification of
Carbapenemase in P.aeruginosa:

All 46 isolates were subjected to the
identification of carbapenemase-producing

P. aeruginosa by utilizing PCR (Fig. 2 a, b,

c, d, e). Out of 46, 35(76%) prevalence of
carbapenemase encoding genes were noted
as follows: blaOXA 5(14%), blaVIM
9(25.7%), blaNDM 14 (40%), blaKPC
1(2.85%) and blalMP 6 (17%) (Table 4).
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Table 4: Prevalence of carbapenemase-producing P. aeruginosa.
Name of (Number of positive| Percentage
gene samples
blaSPM 5 14%
blaVIM 9 25.7%
blaNDM 14 40%
blaKPC 2.85%
blaIMP 6 17%
a)

c)

e)

750bp

25089

Fig. 2. Genotypic characterization of carbapenemase producing Pseudomonas aeruginosa: a)
Gel electrophoresis analysis of carbapenemase producing P. aeruginosa encoding blaNDM
(621bp), ladder size: 250bp, lane 1-5: positive samples. b) Molecular identification
carbapenemase producing P. aeruginosa encoding blaVIM (621bp), ladder size: 100bp, lane
1-6: positive samples. c) PCR based analysis of carbapenemase producing P. aeruginosa
encoding blaIMP (587bp), ladder size: 50bp, lane 1-3: positive samples. d) Gel
electrophoresis analysis of carbapenemase producing P. aeruginosa encoding blaKPC
(798bp), ladder size: 50bp, lane 1-2: positive samples. e) PCR based analysis of
carbapenemase producing P. aeruginosa encoding blaSPM (674bp), ladder size: 250bp lane
1: positive samples.

Phenotypic Detection of Metallo-B- Modified Carbapenem Inactivation
Lactamase  Producing  Pseudomonas Method:
aeruginosa: To find Pseudomonas aeruginosa

Phenotypic detection of Metallo-p-
lactamase was carried out for all 35
carbapenemase-producing Pseudomonas
aeruginosa and was performed by the
following method.

MBL producers, a carbapenem inactivation
procedure with certain modifications was
used. The disc was infected with TSB, and
the results were examined by measuring the
zone of inhibition surrounding the inoculated
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area. Positive findings were reported in the
zone of inhibition measured between 5 and
15 millimetres in size without the presence
of pinpoint colonies, or between 16 and 18
millimetres in size with the presence of
pinpoint colonies. Results were considered
intermediate if the zone of inhibition was 16-
18mm without pinpoint colonies and 19mm
with pinpoint colonies present in the zone. If

the zone was more than 19mm, the results
were considered negative. Out of 35, 32
showed positive results, 1 sample was

considered intermediate and 2 samples were
negative. Results were shown (Fig. 3 and
Table 5). The prevalence of carbapenemase
encoding genes by mCIM is shown in (Table
6).

Fig. 3: modified carbapenem inactivation method: representation of zone of inhibition
(19mm) with pinpoints colonies around the disc, positive modified carbapenem inactivation

method.

EDTA Carbapenem Inactivation Method:
EDTA-modified carbapenem
inactivation method was performed only if

the modified carbapenem inactivation
method show positive results. Positive
isolates confirmed by the Modified

carbapenem inactivation method were 32.
The zone from the disc with EDTA present
minus the zone from the mCIM was taken
into consideration when interpreting the

results of the eCIM. Results were reported as
positive if the zone of inhibition was > Smm.
If the zone of inhibition was < 4mm results
were considered as negative. Out of 32, 29
were considered positive, 1 sample showed
negative results and only 1 sample was
considered intermediate. Results were shown
in (Fig. 4 and Table 5). The prevalence of
carbapenemase encoding genes by eCIM is
shown in (Table 6).
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Fig. 4: EDTA carbapenem inactivation method representation of measured zone of inhibition
(14mm) positive for EDTA modified carbapenem inactivation method.

Table 5 Phenotypic detection of carbapenemase.

No positive Test name Positive Negative Intermediate
isolates % % %
35 Modified carbapenem inactivation method | 32 (91.42%) 2 (5.7%) 1(2.85%)
32 EDTA carbapenem inactivation method 29 (90.62%) 1(34) 2 (6.25%)

Table 6 :mCIM and eCIM results for carbapenemase-producing P.aeruginosa.

Beta-lactamase type N % (no. positive/total no.
tested)

mCIM eCIM

Class B, metallo-B-lactamases

VIM 9 8/9 7/9

NDM 14 13/14 12/14

IMP 6 5/6 4/6

SPM 5 5/5 5/5

Class A, serine-carbapenemase

KPC 1 1/1 1/1

Data Analysis:

The sensitivity and specificity of

carbapenemase genes for mCIM and eCIM

were shown in (Table 7).
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Table 7: Sensitivity and specificity of carbapenemase genes for mCIM and eCIM.

Enzyme N Sensitivity (95% CI) Specificity (95% CI)
type mCIM eCIM mCIM eCIM
KPC 1 | 1/1(2.50% to 1/1 (2.50% to NC NC
100.00%) 100.00%)
SPM 5 | 5/5(47.82% to 5/5(47.82% to NC NC
100.00%) 100.00%)
IMP 6 | 5/6(47.82% to 4/6 (39.76% to (47.82% to (15.81% to
100.00%) 100.00%) 100.00%) 100.00%)
NDM 14 | 13/14 (75.29% to | 12/14 (73.54% to | (2.50% to (15.81% to
100.00%) 100.00%) 100.00%) 100.00%)
VIM 9 | 8/9(63.06% to 7/9 (59.04% to (2.50% to (15.81% to
100.00%) 100.00%) 100.00%) 100.00%)

Biochemical Tests For Identification:
The  biochemical tests  were
conducted to test the enzymatic and other

activities of Pseudomonas aeruginosa that
are presented in Table 8.

Table 8: Biochemical tests for identification of Pseudomonas aeruginosa.

Tests

Results

Catalase

Positive

Oxidase

Positive

Simon citrate

Positive

Voges Proskauer

Negative

Negative

Non-Fermenter

Negative

Negative

Methyl Red
Triple sugar iron
Urease
Indole
DISCUSSION
Pseudomonas aeruginosa is an
opportunistic ~ organism that is most

concerned about infections in various types
of wounds, immunocompromised individuals
and patients in intensive care units
(Bazighandi et al., 2020). Burn infections
induced by Pseudomonas aeruginosa not
only progress rapidly but also lead to
systemic involvement and death within days
or weeks (Aubaid and Dekil, 2017,
Daphedar et al., 2020). Resistance against
many antimicrobial drugs has become
frequent in one of the most therapeutically
important microorganisms, Pseudomonas
aeruginosa, which is responsible for a high
mortality rate and a high economic burden.
This lethal disease possesses a diverse
variety of resistance mechanisms, including
adaptive as well as intrinsic resistance to

structurally and functionally distinct drugs,
eventually leading to multi-drug and even
pan-drug resistance (Dastidar et al., 2021; de
Lacerda  Coriolano et al., 2021).
Carbapenemase is one of three types of f-
lactamase enzymes (BL). Ambler class A
and D (serine carbapenemase) and class B
(proline carbapenemase) (zinc-dependent).
Metal chelators, such as EDTA and thiol-
based chemicals, reduce the catalytic activity
of these enzymes, which are known as
Metallo-BLs (MBLsS).

In the ongoing study, 120 burn
wound samples were collected from persons
diagnosed with skin infections from Allied
Hospital Faisalabad. With the help of PCR,
P. aeruginosa were molecularly identified
and their prevalence rate was found to be
38% as compared to the other studies on the
prevalence of P.aeruginosa in skin
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infections. In a previous study, the
prevalence rate was lower than in ongoing
research, 11% in different wound infections
by Ebrahimi et al. (2018), and 53 (39%)
from 136 wound-infected patients by Esmaili
and Hosseini Doust (2019). These findings
suggest that P. aeruginosa is a common
etiological cause of cutaneous infections,
particularly  in  hospitalized  patients.
Indwelling and trauma, surgical methods,
prolonged hospitalization, poor sanitization,
and patient neglect all contributed to the high
prevalence.

For the treatment of infections
caused by P. aeruginosa various antibiotic
classes have been used. Resistance pattern
exhibited against antibacterial drugs was

Colistin ~ (33%), Tobramycin  (85%),
Amikacin  (61%), Gentamicin  (83%),
Meropenem  (57%), Imipenem (76%),
Cefoxitin ~ (65%), Ceftriaxone  (70%),
Cefepime  (87%), Ceftazidime (78%),

Ciprofloxacin (65%), Ampicillin (67%) and
Piperacillin (57%) shown the highest level of
efficiency against P.aeruginosa. Related
studies carried out by Hassan and Elnasr
(2019) observed resistance in P.aeruginosa
isolates to be Cefepime (100%), Meropenem
(81%), Imipenem (100%), Gentamicin
(82%) and Ciprofloxacin (90%). As
mentioned in a study led by Gopinath et al.
(2014), P.aeruginosa resistance to Cefepime
(71%), Ciprofloxacin (71%), Piperacillin
(71%) and Ceftazidime (60%) as well as
least level of resistance was observed in
Amikacin (53%). The main cause of P.
aeruginosa's high level of resistance is the
irrational and inappropriate use of antibiotics
in everyday clinical practice.

In the current study, the prevalence
of MDR was 25(54%) out of 46 positive
isolates of P.aeruginosa collected from
wounded patients. The prevalence of MDR
in P.aeruginosa in previous studies was
20(38.46%) out of 52 wound samples by
Hassani Sangani et al. (2015), 31.42% from
hospitalized patients by Ibraheem et al
(2019), 46 isolates out of 162(28%) from
clinical specimens by Hwang et al. (2012).
Irrational antibiotic use, an unsanitary
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environment, and healthcare personnel's
activities were identified as contributing
factors that may enhance the occurrence of
MDR P. aeruginosa in hospitalized patients.

In ongoing research prevalence of
carbapenemase-producing P. aeruginosa was
35(76%) out of 46 confirmed isolates of P.
aeruginosa. In previous study results were
recorded as out of 123, 103 were
carbapenemase-producing P. aeruginosa by
Hemmati et al. (2020), 267 (72.3%) out of
369 confirmed P.aeruginosa by Gurunathan
et al. (2014), out of 488, 36(7.4%) were
considered positive for carbapenemase by
Hudzicki (2009).

Out of 35 P. aeruginosa that have
the ability to produce carbapenemase, the
prevalence of carbapenemase encoding
genes were 5(14%) for blaSPM, 9 (25.7%)
for blaVIM, 14(40%) for blaNDM, 1(2.85%)
for KPC and 6(17%) for blaIMP confirmed
by PCR. A similar study was carried out by
(Dupuy et al., 2018) which showed the
results, out of 79 carbapenemase encoding
genes, including 6 blakPC, 2blaNDM, 68
blaSPM, and 3 blaVIM. Another study
showed that out of 20, 2(10%) were positive
for blakKPC, 7(35%) for blaVIM and
11(55%) for NDM by [39] out of 96
carbapenemase encoding genes prevalence
were 27 for blavVIM, 22 blaIMP, 13 for
blaNDM, 14 for blaSPM, 8 for blaKPC and
12 for GES by Hussein and Hami (2020).

Standard mCIM and eCIM were
applied for the phenotypic detection of
MBL. Out of 35 carbapenemase producing
P.aeruginosa 32(91.42%) were positive,
2(5.7%) were negative and 1(2.85%) were
intermediate by utilizing mCIM. In a
previous study, the results were found that
showed 27 positives, 16 intermediate and 57
negative results out of a total of 100
specimens by Ali et al. (2020), 29(54.71%)
out of 53 were positive and 21(39.62%) were
negative and 3(5.66%) were intermediate by
Birla et al. (2003). The eCIM was applied
only if mCIM showed positive results out of
a total of 32, 29(90.62%) were positive,
1(3.4%) were negative and 2 (6.2%) were
intermediate. Another study concluded that
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out of 96, 75 were considered positive, 15
were negative and 6 were negative for
EDTA-modified carbapenem inactivation
method by 16, 26(100%) out 26 were
considered positive by performing EDTA
modified carbapenem inactivation method
(Bayroodi and Jalal, 2016).

The diagnostic performance of the
eCIM, a phenotypic technique to
discriminate serine and MBL carbapenemase
encoded by Pseudomonas aeruginosa, is
described in the current study. In current
research the sensitivity of mCIM for blakKPC
(2.50- 100%), blaSPM (47.82- 100%),
blaIMP (47.82-100%), blaNDM (75.29-
100%) and blaVIM (63.06-100%) were
observed with 95% confidence interval while
the specificity of mCIM for blakPC and
blaSPM were not calculated while blalMP
(47.82-100%), blaNDM (2.50-100%) and
blaVIM (2.50-100%) were recorded with
95% confidence interval. The sensitivity of
eCIM for KPC, SPM, NDM, IMP and VIM
were explained as (2.50-100%), (47.82-
100%), (39.76-100%), (73.54-100%) and
(59.04-100%)  respectively  while the
specificity of KPC and SPM were not
calculated and NDM, IMP and VIM were
calculated as (15.81-100%), (15.81-100%)
and (15.81-100%) respectively. A similar
study was conducted by Gurunathan et al.
(2014) which showed the sensitivity of VIM
was (87-100%) and NDM (74-100%) with a
95% confidence interval while the sensitivity
of IMP and SPM was not calculated.
CONCLUSION

In  conclusion, the relatively
highest resistance of P. aeruginosa towards
cefepime gentamicin and tobramycin and the
highest prevalence of blaNDM and blaVIM
raised a concern regarding increasing,
perhaps continuing to rise, carbapenem
resistance. Our findings highlight the
significance of using both genotypic and
phenotypic MBL detection methods for early
diagnosis of carbapenem resistance and to
stop the spread of this resistant bacterium in
addition to routine antibiotic susceptibility
testing. Particularly in developing countries
where molecular screening test is hardly

available, a combination of eCIM and mCIM
testing may be a helpful tool for the clinical
laboratory. It might be a useful phenotypic
technique for identifying P. aeruginosa
strains that produce carbapenemase.
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