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isolates “extensively drug-resistant
Pseudomonas aeruginosa” and detection of
their metallo-β-lactamases encoding genes
Amr Mohamad Basha1*, Gamal M. El-Sherbiny2 and Mona I. Mabrouk2

Abstract

Background: Carbapenem antibiotics consider the primary treatment choice for serious Pseudomonas aeruginosa
infection. Hence, the evolution of carbapenem resistance mediated by acquiring genes encoding class b enzymes is of
global concern. The purpose of this article research is to explore the prevalence, drug resistance profiles, and metallo-β-
lactamases (MβLs) production in extensively drug-resistant carbapenem-resistant P. aeruginosa (XDR-CRPA).

Methods: P. aeruginosa isolates were collected and identified according to conventional methods. Antibiotic resistance
patterns were determined by single disk diffusion. Minimum inhibitory concentrations (MICs) of (imipenem,
meropenem, ceftazidime, piperacillin/tazobactam, levofloxacin, and gentamicin) were determined for CRPA. A subset of
the isolates collection consisting of the XDR-CRPA with the highest MICs to imipenem and meropenem were selected
for the phenotypic screening of carbapenemases and MβLs production capability using the modified carbapenem
inactivation (mCIM) and imipenem-EDTA combined disk (MβL-CD) methods, respectively. Then, molecular analysis,
including identification by the specific primer of 16S rRNA and detection of MβL genes using polymerase chain
reaction (PCR) was performed to the XDR selected isolates.

Results: Among 100 P. aeruginosa isolated throughout this period, 59% exhibited reduced susceptibility rates to
carbapenems. A total of 20.3% and 57% of CRPA isolates were MDR and XDR, respectively. MIC values of the CRPA
revealed that these isolates exhibited high MIC50 and MIC90 to the six selected antibiotics. The findings of the (mCIM)
assay displayed identical concordance results with the MβL-CD. Molecular investigation technique assured that 10
(90.9%) and 2 (18.1%) of the 11 XDR selected isolates are positive for blaNDM-1 and blaVIM-1 genes, respectively.
Polymyxin B and colistin followed by aztreonam were the most effective antibiotics used for curing infections caused
by XDR Pseudomonas aeruginosa.

Conclusion: The prevalence of high XDR-CRPA in our study is a critical problem. Our present study found that the
blaNDM-1 was present at a significant frequency among the selected XDR isolates, highlighting the need for establishing
strict antimicrobial policies to avoid the prompt spread of these isolates.
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Introduction
Pseudomonas aeruginosa is an opportunistic gram-
negative rod, which regarded as a significant reason for
an ever-widening array of various life-threatening infec-
tions (Esmaeili et al. 2019). As a matter of fact, this bac-
terium is the main causing of burn infections and
ventilator-associated pneumonia (VAP). Moreover, this
microorganism can potentially initiate infections in the
urinary tract, lung, soft tissue, and abscess (Oliver et al.
2008).
Carbapenems are a powerful member of the beta-lactam

class with a broader antibacterial spectrum, knowing in treat-
ing serious and critical infections. However, the development
of reduced susceptibility to this life-saving antimicrobial has
been increasingly reported in Pseudomonas aeruginosa (Feng
et al. 2017). Different mechanisms lead to the evolution of
carbapenem-resistant P. aeruginosa especially through the
acquiring of resistant genes encoding carbapenem-
hydrolyzing enzymes (Shaaban et al. 2017). Among them,
the metallo-beta-lactamases (MβLs) (e.g., VIMs, IMPs,
NDMS) appeared to be the utmost importance enzymes for
P. aeruginosa (Patel and Bonomo 2013). Most genes encod-
ing MβLs are either plasmid- or chromosome-mediated, lo-
cated as horizontally transferable cassettes typically cluster
with other drug resistance determinants. These reasons ex-
plain why the spread of P. aeruginosa with MβL activity can
result in the appearance of the pan-resistant phenotype, leav-
ing limited number or even non-therapeutic options avail-
able (Dogonchi et al. 2018).
New Delhi metallo-beta-lactamase-1 (NDM-1), the re-

cently emerged MβL, can deactivate nearly to all beta-
lactams including carbapenems with excluding of mono-
bactam. The first discovery of bacterial isolate carrying
this novel enzyme was from more than 10 years in India
(Yong et al. 2009). Until now, NDM-1-producing-bac-
teria have been raised over 40 countries that pose a tre-
mendous public health risk (Jamal et al. 2016). The first
detection of NDM-1variant in Egypt was in Acinetobac-
ter baumannii isolate (Kaase et al. 2011).
Another MβL family includes Verona integron metallo

beta-lactamase (VIM) coding gene determinant has like-
wise been identified primarily among carbapenem-
resistant P. aeruginosa from Southern Europe. The bla-

VIM-1 gene was first detected in Italy, to date, the VIM
group has included 37 variants (Levy Hara et al. 2013;
Walsh 2013). In this study, antimicrobial susceptibilities
to different anti-pseudomonal antibiotics were compared
in P. aeruginosa isolates in Egypt, with a specific focus
on the categorization of the concerned isolates to MDR
and XDR phenotypes. Secondly, quantitative MIC deter-
mination of the main antibiotics’ groups against
carbapenem-resistant isolates was investigated. Finally,
phenotypic and genotypic techniques were used for
assessing the emerging of metallo-β-lactamase-

producing isolates in a collection of extensive drug-
resistant P. aeruginosa.

Materials and methods
Bacterial isolates
Pseudomonas aeruginosa isolates were collected during
the period of May to September 2017 from the micro-
biological laboratory in (Kasr El Aini Hospital, Cairo
University, Giza, Egypt) and (El Borg Laboratory,
Mohandseen, Giza, Egypt).

Conventional methods for identification
Isolates were identified by standard microbiological and
biochemical methods based on gram staining technique,
colonial morphology (5% citrated horse blood agar and
MacConkey’s agar, Oxoid, ltd., Basin Stoke, Hants, Eng-
land), motility determination using the agar stabbing
method, indole, fluorescein and pyocyanin pigment pro-
duction, catalase and oxidase reactions, oxidative-
fermentative tests, citrate utilizing, nitrate reduction,
acetamide hydrolysis and growth at 42 °C (Engelkirk and
Duben-Engelkirk 2008; Mahon et al. 2014).

Antimicrobial susceptibility profiling
Antimicrobial resistance was applied by disk diffusion
method using the Kirby Bauer technique (Bauer et al.
1966) and as per the recommendations and interpreta-
tions of a CLSI document (CLSI 2009; CLSI 2018) using
the following antibiotic disks (Oxoid ltd., Basin Stoke,
Hants, England): imipenem (IPM 10 μg), piperacillin-
tazobactam (TZP 100 μg/10 μg), meropenem (MEM
10 μg), piperacillin (PRL 100 μg), ceftazidime (CAZ
30 μg), aztreonam (ATM 30 μg), cefepime (FEP 30 μg),
gentamicin (CN 10 μg), levofloxacin (LEV 5 μg), amika-
cin (AK 30 μg), and ciprofloxacin (CIP 5 μg), ATCC
strain 27853 was examined routinely to monitor the test
performance.
For the susceptibility testing to Polymyxin B, and

colistin antibiotics (Biotika and Waki pharma, Egypt,
respectively) against P. aeruginosa isolates, minimum
inhibitory concentrations (MICS) were detected using
the broth microdilution technique as described by
Andrew and CLSI guidelines (Andrews 2001; CLSI
2012; CLSI 2018). After an overnight incubation at
37 °C, the viability of cells was detected by adding
20 μl of triphenyl tetrazolium chloride dye solution (5
mg/ml) (TTC) to each well (Cat. No. 1500 A, re-
search lab fine chemical industries, India) (Manzoor
et al. 2016). P. aeruginosa isolates were subsequently
categorized according to the new standardized inter-
national document (Magiorakos et al. 2012) to MDR
and XDR isolates.
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MIC distributions of selected antibiotics against
carbapenem-resistant P. aeruginosa
The MICs were detected to six selected antibiotics re-
lated to five main groups. The following antibiotics were
obtained from Egyptian pharmaceutical companies: imi-
penem from Soficopharm; meropenem triydrate from
Astrazeneca; piperacillin/tazobactam from Hikma phar-
maceuticals; ceftazidime pentahydrate from Smith Kline
Beecham; gentamicin sulfate from Memphis and levo-
floxacin hemihydrates from Sanofi-Aventis. The values
of MIC50 and MIC90 were calculated for all the antibi-
otics tested.

Phenotypic tests
Phenotypic detection for carbapenemase production
XDR carbapenem-resistant P. aeruginosa (XDR-CRPA)
with the highest MIC to imipenem and meropenem an-
tibiotics were selected to survey the occurrence of carba-
penemase enzymes using modified carbapenem
inactivation method (mCIM) according to CLSI M100-
S28 guidelines (CLSI 2018). The result was considered
to be positive for the inhibition zone diameter of 6–15
mm, negative for ≥19mm.

Phenotypic screening of metallo-β-lactamase (MβLs) activity
All the carbapenemase positive P. aeruginosa were
checked for the production of MβLs by imipenem-
EDTA combined disk (MβL-CD) method as described
previously (Pitout et al. 2005). More than or equal to7
mm zone enhancement in IPM-EDTA disk compared to
the aligned IPM disk alone judged to indicate positivity
for MBL.

DNA extraction
The genomic DNA was prepared by the boiling lysis
method (Moore et al., 2004). A few colonies of an over-
night culture were dispensed in 250 μl of Tris EDTA 1×
solution buffer, the suspension was heated in a thermal
block (HB-200, Human lab instruments, Korea) at
100 °C for 8 min, then placed at −20 °C for 5 min. Fol-
lowing this, the supernatant was centrifuged at 15,000
rpm at 4 °C for 60 s to remove cellular debris. An aliquot
of the supernatant was used as an origin for DNA
template.

PCR methods
PCR amplification was performed in a thermocycler
(PTC-100, MJ Research, Waltham, MA, USA). The amp-
lification was in a total volume of a 25 μl containing
12.5 μl of RedTaq PCR Master Mix (3 mM MgCl2, 0.4
mM of each dNTP, 0.06 U/μl of Taq DNA polymerase),
(Sigma-Aldrich, California, USA), 1 μl of each forward
and reverse primer (10 μM), (Microsynth, Balgach,
Switzerland), 3 μl of whole-cell bacterial lysate, and

7.5 μl nuclease-free water. The PCR products were sepa-
rated by gel electrophoresis (DYCP-31DN, Beijing Liuyi
instrument, Beijing, China), with 1.6% agarose gel (Fisher
Bio Reagents, USA), then viewed under an ultraviolet
(UV) transilluminator (LMS-20E UVP, Upland, Califor-
nia, USA). Molecular size marker (100 bp) (Direct load,
Sigma Aldrich, California, USA).

Molecular identification
The selected XDR-CRPA isolates were identified by the
molecular approach through amplification of 16 s riboso-
mal RNA gene with a specific primer described by
Spilker et al. 2004. As a reference strain, P. aeruginosa
PAO1 was kindly provided by (Dr Mona Shaaban, De-
partment of Microbiology, Faculty of Pharmacy, Man-
soura University).

Molecular detection of the MβLs encoding genes
The selected XDR-CRPA isolates were screened for the
presence of the MβLs encoding genes; blaVIM-1,
blaNDM-1, and blaIMP by polymerase chain reaction
(PCR) using specific primers for amplification each gene.
The primers used were NDM-1, VIM-1, VIM-2, and
IMP as described previously (Shaaban et al. 2017; Poirel
et al. 2011) (Table 1).

Statistical analysis
Statistics were performed using Pearson’s chi-squared
test to assess the significance of differences. A probabil-
ity of less than 0.05 was considered statistically
significant.

Results
Bacterial identification
Totally one hundred nonconsecutive P. aeruginosa iso-
lates were collected during 4 months of study; Fig. 1
showed randomly selected Pseudomonas aeruginosa iso-
lates on different culture media.

Antimicrobial susceptibility profile
According to results from the antibiotic susceptibility
test; resistance rates for β-lactam antibiotics were 74%
(cefepime), 64% (piperacillin), (55%) piperacillin/tazobac-
tam 53%, and (ceftazidime), while low resistance rates
were observed to aztreonam (23%). For non-β-lactam
antibiotics, the resistance rates were 70% (gentamicin),
67% (levofloxacin), 66% (amikacin), and 64% (ciprofloxa-
cin). Among our batch of isolates, polymyxin b and co-
listin retained in vitro activity against all isolates (MIC
range was 0.5–2 μg/ml). Overall, a significantly greater
number of CRPA isolates were more resistant to the
most of the antibiotics than carbapenem susceptible P.
aeruginosa isolates (CSPA) (P < 0.05) (Table 2). Of all
the isolates tested, we classified twenty-one (21%)
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isolates as (MDR) and forty-seven (47%) as (XDR).
Among CRPA, the percentages of MDR-PA and XDR-
PA were 20.33% and 79.66%, respectively. The XDR and
MDR isolates were grouped into 23 resistance profiles,
with profile 4 being predominant and accounting for
57.6% (34/59) of all carbapenem isolates. This profile
showed resistance to 10 antibiotics (IPM, MEM, CIP,
CN, CAZ, PRL, TZP, LEV, AK, FEP) (Table 3).

MIC distributions
Tables 4 and 5 showed the MIC distributions of six
antimicrobial agents against the 59 CRPA isolates. For
imipenem, MICs at which 90% of isolates inhibited
were markedly higher (1024 μg/ml) whereas the
MIC90 values for the meropenem antibiotic were only
2-fold lower than those of imipenem. Additionally, we
noted that (42.3%) of isolates had an imipenem MIC

Table 1 Oligonucleotide primers used for PCR amplification

Gene (5′–3′)a Product size PCR conditions Reference

16S rDNA F–GGGGGATCTTCGGACCTCA
R–TCCTTAGAGTGCCCACCCG

956 Initial denaturation at 95 °C (2 min), with 25 cycles of denaturation
at 94 °C for 20 s, annealing at 58 °C for 20 s, and extension at 72 °C
for 40 s and final extension at 72 °C for 1 min

Spilker et al. 2004

NDM-1 F–ACTTCCTATCTCGACATGC
R–TGATCCAGTTGAGGATCTG

133 Initial denaturation at 95 °C for 5 min, followed by 35 cycles of
denaturation at 95 °C for 30 s, annealing for 30 s at 55 °C for
(VIM-1,VIM-2) and 52 °C for NDM-1, extension at 72 °C for 30 s
after this step final extension at 72 °C for 5 min

Shaaban et al. 2017

VIM-1 F–TGTTATGGAGCAGCAACGATG
R–AAAGTCCCGCTCCAACGATT

920

VIM-2 F–GTCTATTTGACCGCGTCTATC
R–CTACTCAACGACTGAGCGAT

774

IMP F–GGAATAGAGTGGCTTAAYTCTC
R–GGTTTAAYAAAACAACCACC

232 10 min at 94 °C and 36 cycles of amplification consisting of
30 s at 94 °C, 40 s at 52 °C, and 50 s at 72 °C, ending with a
final extension period of 5 min at 72 °C

Poirel et al. 2011

aY = C or T

Fig. 1 The colonial morphology of P. aeruginosa isolates on different culture media. a Colorless colonies of P. aeruginosa on MacConkey agar. b
Blue pyocyanin pigment production on Pseudomonas aeruginosa (P) agar. c Green metallic sheen colonies of P. aeruginosa on citrated horse
blood agar. d The fluorescence characteristics of P. aeruginosa on cetrimide agar under the short wavelength of ultraviolet light
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equal to1024 μg/ml and (25.4%) had a meropenem
MIC = 512 μg/ml. Furthermore, our results revealed
that 2 (3.4%) were susceptible to meropenem with
MIC range between (1 and 2 μg/ml), and three iso-
lates (2.5%) had MIC = 4 μg/ml to imipenem and/or
meropenem. In the CLSI guidelines, we could
categorize these isolates as an intermediate resistance.
The analysis of MIC data to the other antibiotics
demonstrated that CRPA was non-susceptible to pi-
peracillin/tazobactam with MIC90 superior or equal to
128/4 μg/ml. Furthermore, levofloxacin potency is al-
most negligible since all the isolates had MIC above
the resistance breakpoints according to CLSI whereas
the lowest MIC recorded was 16 μg/ml. The MIC
range for gentamicin was 4–32 μg/ml in 22% of the
isolates (n = 13), while,= 77.8% (n = 46) had MICs of
≥1024 μg/μl to this antibiotic. Similarly, the findings
of MIC50 and MIC90 of ceftazidime were at the upper
limit (both being ≥1024 μg/ml) of the breakpoint (Fig.
2). After MIC distribution results, we selected a set of
11 XDR isolates, which were had the highest MIC
values to imipenem and meropenem antibiotics for
further analysis.

Phenotypic tests
The mCIM showed the presence of carbapenemase ac-
tivity in all the selected isolates. Moreover, it displayed
an increase in inhibition zone (≥7 mm) around imipe-
nem + EDTA disk, which lead to the interpretation that
the isolates were MβL positive (Fig. 3).

Molecular microbiology results
Molecular identification based on PCR amplification of 16S
rDNA
All the 11 selected XDR isolates have been confirmed by
molecular identification as P. aeruginosa. They yielded
fragment at the predicted size 956 bp (Fig. 4a) through
amplification of 16 s rDNA region using species-specific
primers for P. aeruginosa.

Molecular detection of MβLs encoding genes
PCR assays showed 133 bp amplified band which was
specific to blaNDM-1 gene in 10 (90.9%) out of 11 isolates
and 920 bp targeting blaVIM-1 gene was present in 2
(18.1%) of isolates. One isolate co-harbored blaNDM-1

and blaVIM-1. In this work, blaIMP and blaVIM-2 allele
were not detected in this study (Fig. 4b and c).

Discussion
The worldwide, worrying situation of reduced suscepti-
bility to carbapenem in P. aeruginosa becomes noticed
over the last decade, reveal a need for an exhaustive in-
vestigation. The incidence of resistance to carbapenems
among P. aeruginosa was high (59%). This pace of resist-
ance reflects a risk restricting the therapeutic options. It
is reasonable to explain that this may be correlated with
the extent use of carbapenems in recent years as well as
a selective pressure from increased prescriptions of car-
bapenem. As anticipated, similar high rates of resistance
have been recorded in Egypt (Gaballah et al. 2018; Abaza
et al. 2017). The frequency of carbapenem resistance P.
aeruginosa was also recognized in our Middle East

Table 2 Antibiotic resistance profile of carbapenem-resistant versus carbapenem susceptible P. aeruginosa isolates

Antibiotics P. aeruginosa resistance

Carbapenem resistant
(n = 59)a

Carbapenem susceptible
(n = 41)

P value

n % N %

Ciprofloxacin* 56 94.9 8 19.5 <0.05

Levofloxacin* 59 100 8 19.5 <0.05

Aztreonam 16 27.1 7 17.07 0.484213

Gentamicin* 56 94.9 14 34.1 <0.05

Amikacin* 54 91.5 12 29.2 <0.05

Ceftazidime* 49 83.08 4 9.7 <0.05

Cefepime* 59 100 15 36.5 <0.05

Piperacillin* 55 93.2 9 21.9 <0.05

Piperacillin/tazobactam* 50 84.7 5 12.1 <0.05

Imipenem 59 100 0 – –

Meropenem 57 96.6b 0 – –

Polymyxin B 0 0 – –

Colistin 0 0 – –
aThe percentages of non-susceptible isolates shown include isolates in the intermediate and resistant CLSI categories. b The remaining 3.4% of isolates were
meropenem susceptible. *The discrepancy in the resistance percentage among carbapenem-resistant and carbapenem susceptible is significant at p less than 0.05
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Table 3 Antibiotic resistance patterns of XDR and MDR P. aeruginosa isolates

Resistance pattern Isolates number (%)

CRPA CSPA

Isolates with XDR criteria

Resistant to (11) antibiotics

1. IPM, MEM, CIP, ATM, CN, CAZ, PRL, TZP, LEV, AK, FEP 9(15.2%) 0

Resistant to (10) antibiotics

2. IPM, MEM, CIP, CN, TZP, PRL, LEV, AK, FEP,ATM 1(1.69%) 0

3. IPM, MEM, CN, CAZ, PRL, TZP, LEV, AK, FEP,ATM 1(1.69%) 0

4. IPM, MEM, CIP, CN, CAZ, PRL, TZP, LEV, AK, FEP 34(57.6%) 0

Isolates with MDR criteria

Resistant to (9) antibiotics

5. IPM, MEM, CIP, CN, CAZ, PRL, LEV, AK, FEP 2(3.38%) 0

6. IPM, MEM, CIP, ATM, CN, CAZ, PRL, LEV, FEP 1(1.69%) 0

7. IPM, MEM, CIP, ATM, CN, PRL, LEV, AK, FEP 1(1.69%) 0

8. IPM, MEM, CIP, CN, CAZ, TZP, LEV, AK, FEP 1(1.69%) 0

9. IPM, MEM, CN, CAZ, PRL, TZP, LEV, AK, FEP 1(1.69%) 0

10. IPM, MEM, ATM, CN, PRL, TZP, LEV, AK, FEP 1(1.69%) 0

11. CIP, ATM, CN, CAZ, PRL, TZP, LEV, AK, FEP 0 2(4.87%)

Resistant to (8) antibiotics

12. IPM, CIP, ATM, CN, TZP, LEV, AK, FEP 1(1.69%) 0

Resistant to (7) antibiotics

13. IPM, MEM, ATM, CN, PRL, LEV, FEP 1(1.69%) 0

14. IPM, MEM, CIP, CN, PRL, LEV, FEP 2(3.38%) 0

15. IPM, MEM, CIP, PRL, LEV, AK, FEP 1(1.69%) 0

16. IPM, MEM, CIP, TZP, LEV, AK, FEP 1(1.69%) 0

17. CIP, ATM, CAZ, PRL, TZP, LEV, FEP 0 1(2.43%)

Resistant to (6) antibiotics

18. CIP, PRL, TZP, LEV, AK, FEP 0 1(2.43%)

Resistant to (5) antibiotics

19. IPM, CIP, PRL, LEV, FEP 1(1.69%) 0

20. CIP, TZP, LEV, AK, FEP 0 1(2.43%)

21. ATM, CN, LEV, AK, FEP 0 1(2.43%)

Resistant to (4) antibiotics

22. CIP, CN, PRL, FEP 0 1(2.43%)

Resistant to (3) antibiotics

23. ATM, CAZ, AK 0 1(2.43%)

Table 4 MIC distributions for various antibiotics against 59 carbapenem-resistant P. aeruginosa isolates

Antibiotics No (cumulative%) of isolates at MIC (μg/ml) MIC50 MIC90 Range

1 2 4 8 16 32 64 128 256 512 ≥1024

Imipenem − − 3(5.08) 1(1.6) 5(8.4) 2(3.3) 8(13.5) 1(1.6) 2(3.3) 12(20.3) 25(42.3) 512 1024 8–1024

Meropenem 1(1.6) 1(1.6) 3(5.08) 1(1.6) 1(1.6) 5(8.4) 9(15.2) 5(8.4) 18(30.5) 15(25.4) − 256 512 8–512

Ceftazidime − 1(1.6) 4(6.7) 5(8.4) 1(1.6) 1(1.6) 4(6.7) 1(1.6) 1(1.6) 1(1.6) 40(67.7) ≥1024 ≥1024 2 to >1024

Levofloxacin − − − − 2(3.3) 6(10.1) 7(11.8) 20(33.8) 22(37.2) 2(3.3) − 128 256 16–512

Gentamicin − − 3(5.08) 4(6.7) 3(5.08) 3(5.08) − − − − 46(77.9) >1024 >1024 8 to >1024
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region (Al-Agamy et al. 2011; Maroui et al. 2016) and
worldwide (Castanheira et al. 2014).
It was important to note that CRPA was markedly

more resistant than CSPA isolates for the most majority
of antibiotics tested and the highest effective antibiotics
against both groups were polymyxin B and colistin. Our
observations concurred with other published reports
(Kiddee et al. 2013; Dogonchi, et al. 2018).
XDR P. aeruginosa demonstrates a major point of inter-

est worldwide. What is more, this bacterial phenotype
could be the source of infections with an excessive

mortality pace which leads to difficulty in the treatment
(Derosa et al. 2019). Our data clearly indicate that the ex-
tremely high predominance of XDR among carbapenem-
resistant isolates (79.6%).
The high rate of XDR-CRPA found in this study

could be attributed to the incessant and uncontrolled
consumption of antibiotics in Egypt; the well-known
information is that antibiotics could be easily pur-
chased without a doctor’s prescription in Egypt (what
is known as patient’s self-medication), thus require in-
crement monitoring and implementation of a strategy

Table 5 MIC distributions for piperacillin/tazobactam antibiotic against 59 carbapenem resistant P. aeruginosa isolates

Antibiotics No (cumulative%) of isolates at MIC (μg/ml) MIC50 MIC90 Range

4/4 8/4 16/4 32/4 64/4 128/4 256/4 512/4

Piperacillin/tazobactam 1(1.6) 1(1.6) 7(11.8) 9(15.2) 18(30.5) 19(32.2) 2(3.3) 2(3.3) 64/4 128/4 16/4–512/4

Fig. 2 A schematic representation of the 96-well of broth microdilution model using TTC showed resistance pattern of P. aeruginosa isolates to
(a) imipenem antibiotic. b meropenem. c ceftazidime and gentamicin
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of antibiotic use. In contrast to our study, other
works reported a low prevalence of XDR CRPA (Li
et al. 2016; Shu et al. 2012).
Considering that 57.6% of the CRPA isolates in this re-

port had an identical resistance profile, this led to the
rise of a new drug-resistant pattern for carbapenem-
resistant P. aeruginosa in our country.
The determination of MIC values affirmed the re-

sult identified by the single disk diffusion method.
Having 33 isolates (55.9%) with a MIC of ≥256 μg/ml
for one or more of the carbapenems tested is per-
turbing. Furthermore, high values of MIC for the rest
of the antibiotics tested is a critical problem, increas-
ing the widespread challenges in treatment, in this
manner, it is indisputable that these drugs are not
proper for serious infections via carbapenem-resistant
P. aeruginosa. High MIC values for imipenem, mero-
penem, and ceftazidime antibiotics had been reported
previously (Al-Agamy et al. 2016)
To enhance carbapenemase and metallo-β-lactamase

detection, different phenotypic tests were suggested as

the initial screening step prior using corroborative mo-
lecular investigations. Alongside the aforementioned, our
results revealed that mCIM and MβL-CD tests are valu-
able and dependable with high accuracy and minimal
cost; thus, it can be implemented in all labs and does
not demand specific equipment. The results of carbape-
nemase and MβL obtained are according to other stud-
ies (Malkoçoğlu et al. 2017; Ismail et al. 2018).
According to the results, PCR asserted the presence of

P. aeruginosa DNA in all the selected isolates identified
conventionally. The confirmation of P. aeruginosa iden-
tification via molecular approach turned out to be in-
creasingly imperative to diminish the issues of culture
method such as a false negative culture result that may
be owing to the sample overgrowth by other bacteria
(Shahat et al. 2019). Of the acquired metallo-β-
lactamase genes investigated, NDM-1 had been the most
frequently detectable gene among the selected XDR-PA
isolates, although the rare occurrence in Egypt. This re-
sult is of great concern and has shed light on the fact
that NDM-1 producers are now alarmingly on the

Fig. 3 Combined disk assay (MBL-CD) exhibited increases in the zone of inhibition around IPM + EDTA disc interpreted as MBL producers
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increase in our country. Few studies have reported the
prevalence of NDM-1 in P. aeruginosa in Egypt (Zafer
et al. (2014a); Shabaan et al. 2017). Furthermore, as our
results revealed, two isolates carry the VIM-1 encoding
gene in addition to one of them coexisted with the
NDM-1 encoding gene. The co-harboring of two MβL
genes in P. aeruginosa isolates has been reported in pre-
vious studies worldwide (Azimi et al. 2018; Li et al.
2016; Paul et al. 2016; and Rizek et al. 2014). None of
the isolates demonstrated positive results for genes cod-
ing IMP-type MβL. This finding is in agreement with
previous reports concluded the absence of this gene
(Zafer et al. (2014b); Diab et al. 2013).
Antibiotic choice is particularly important in patients

with menacing infections caused by CRPA. Stability to

hydrolysis by MβL producers alongside its uncommon
remedy in Egypt has settled on the aztreonam the subse-
quent option after polymyxins for treating gravely ill in-
fected patients with multi-resistant P. aeruginosa.

Conclusion
In this context, our data may lead to three meaningful
conclusions. First, the frequency of CRPA is observed.
Besides, most of the carbapenem isolates are XDR. Thus,
the presence of this high percent in such little sample
size screened is of utmost concern. Second, all the
eleven selected isolates were MβL producers. As regards,
the resistance of MβL isolates to the most antibiotic
groups, restricting the treatment alternatives for infec-
tions by these isolates. In this way, the early and accurate

Fig. 4 PCR analysis of P. aeruginosa isolates on agarose gel electrophoresis (a) PCR products for amplification-specific 16S rDNA region to P.
aeruginosa. Lanes, 1-11: P. aeruginosa isolates; lane 12, PAO1 strain (positive control). b PCR products for amplification metallo-beta-lactamase
gene encoding blaVIM-1. c PCR products for amplification metallo-beta-lactamase gene encoding blaNDM-1
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detection of MβLs with a straightforward and econom-
ical method ought to be executed for routine laboratory
studies. Additionally, we propose regular control and
continuous surveillance of highly resistant P. aeruginosa
in medical institutions, as well as, the consciousness of
high risk of self medications between Egyptians in the
community settings will aid to forestall their dispersal
and subsequently reduce the disease burden. Third, the
most effective antibiotics that are evading XDR-CRPA
are polymyxins. Nevertheless, excessive of these has
caused to emerge polymyxins resistance. Thus, aztreo-
nam could be used in treating of infections by XDR-
CRPA isolates to reduce polymyxins usage.
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