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Background: Metallo-beta-lactamase (MβL) mediated resistance is an emergency threat 

in health care settings, and its identification is essential for treatment and infection 

control. Objectives: this study aimed to detect the MβL prevalence in Gram negative 

bacilli (GNB) and to compare its phenotypic detection methods. Methodology: Ninety six 

(96) isolates of GNB were isolated from different clinical specimens collected from 

patients admitted to intensive care units (ICU) of Ain Shams Hospitals, from February 

2018 to June 2018. Isolates were screened for carbapenem resistance with imipenem 10 

µg and meropenem 10 µg discs. The resistant isolates were tested for antibiotic 

susceptibility by disc diffusion method, and Meropenem minimum inhibitory 

concentration (MIC) were determinated, then the production of MβL was detected by 

imipenem-ethylene diamine tetra-acetic acid (EDTA) combined disc test (IPM-EDTA 

CDT), ceftazidime -EDTA combined disc test (CAZ-EDTA CDT) and Imipenem - EDTA 

double disc synergy test (IPM-EDTA DDST).Results: Forty three (43) isolates (44.7%) 

were resistant to carbapenem. Klebsiella pneumoniae (K.pneumoniae) was the most 

common isolated species; 29 (67.4%) isolates. Forty (40) isolates (93%) were positive 

for MβL by IPM-EDTA CDT method, whereas 36 (83.7%) were positive by CAZ -EDTA 

CDT method and 19 isolates (44.2%) were positive for MβL by IPM-EDTA DDST. 

Conclusion: High prevalence of MβL was detected among our isolates and IMP-EDTA 

CDT can be used as a phenotypic test in detection of MβL production. 

 

INTRODUCTION 
 

Carbapenems possess a broad-spectrum activity and 

stability to hydrolysis by most beta lactamase (β-

lactamase). However, the recent emerging resistance to 

this class of β-lactams among Enterobacteriaceae due 

to production of carbapenemases leaves the health care 

system vulnerable and reduces therapeutic choices
1
. 

Carbapenemases may be defined as beta-lactamases that 

significantly hydrolyze at least imipenem or 

meropenem. Carbapenemases are members of the 

molecular class A, B, and D β-lactamases. Class B or 

the metallo-β-lactamases (MβL) are the most significant 

carbapenemases
2
. 

The worldwide dissemination of MβL acquired from 

Pseudomonas spp to members of the 

Enterobacteriaceae family, has been emerged and 

become a great concern
3 

 MβL are becoming a challenge as these enzymes 

cause hydrolysis of all β-lactam antibiotics including 

carbapenems
4
, which often used as “last-line agents” or 

“antibiotics of last resort” in treatment of severe 

infections
5
. 

MβL carbapenemases are mostly encoded by genes 

located on integron structures that present on mobile 

plasmids and transposons, and thus facilitating its wide 

spreading and outbreaks
6
. 

Detection of MβL producing organisms is of utmost 

importance in establishing an appropriate antimicrobial 

therapy and in prevention of their propagation
7.

 

Currently, the MβL production among 

Enterobacteriaceae isolates can be detected via an 

initial screening test to evaluate strain susceptibility to 

carbapenems followed by phenotypic and/or genotypic 

confirmation test.  

Although molecular methods as whole genome 

sequencing and polymerase chain reaction (PCR) are 

the gold standard methods and highly accurate, its 

availability is often limited to reference laboratories
8
. 

 The phenotypic confirmation of carbapenemase 

production is based on the detection of diffusible 

carbapenemases or on inhibition of carbapenemase 

activity using MβL inhibitor like EDTA metal-chelating 

agent
9
. 

This study focuses on simple phenotypic detection 

methods of carbapenem resistance and aims at knowing 
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the prevalence of MβL production among Carbapenem 

resistant Gram Negative Bacilli (CRGNB). 

 

METHODOLOGY 

 
Bacterial isolates: 

Ninety six (96) isolates of GNB were included in 

this study, including Escherichia coli (E. coli), 

Klebsiella, Pseudomonas and others, isolated from 

different clinical specimens from patients admitted to 

Intensive Care Units of Ain Shams Hospitals, from 

February 2018 to June 2018. The bacterial isolates were 

identified by conventional bacteriological methods 

according to Collee et al
10

. 

Antibiotics sensitivity and MβL Screening method:  

Antibiotics susceptibility of all isolates was 

performed by the disc- diffusion method on Muller-

Hinton agar plate via Kirby Baur disc diffusion method 

as per CLSI 2017 guidelines
11

. Susceptibilities of 

Amoxicillin/Clavulanic acid (AMC, 20/10 μ g), 

piperacillin/tazobactam (TPZ,100/10 μg), ceftriaxone 

(CRO,30 μg), Ceftazidime (CAZ, 30 μg), cefotaxime 

(CTX,30 μg),cefepime (FEP,30 μg),imipenem (IPM,10 

μg), meropenem (MEM,10 μg), gentamicin (CN,10 μg), 

amikacin (AK,30 μg), ciprofloxacin (CIP,5 μg), 

levofloxacin (LEV,5 μg) and aztreonam (ATM) (30 g)  

were tested. E.coli ATCC 25922 was used as a quality 

control strain. 

Isolates that were resistant to both imipenem (10μg), 

meropenem (10μg), and third generation cephalosporin 

by disc diffusion were considered as screening positive. 

Minimum inhibitory concentration (MIC) 

Determination: 

Carbapenem resistance were confirmed by 

determination of Meropenem MIC with the E test 

(bioMérieux, Marcy l’Etoile, France) and interpreted 

according to CLSI
 
guidelines

11
. 

Phenotypic detection of MβL: 

Combined Disc Test (CDT):  
A confirmation test for MβL production was carried 

out using combined-disc method. A 0.5 M EDTA (Hi-

Media, India) solution was prepared by dissolving 18.61 

g of EDTA in 100 ml of distilled water and adjusting it 

pH 8.0 by using NaOH
12

. 

Imipenem -EDTA combined disc test (IMP-EDTA 

CDT): 

According to Yong et al
12

, 0.5 McFarland of 

overnight culture of test isolate was done on Muller 

Hinton agar. Two 10 μg imipenem discs were used, one 

imipenem disc alone and one with 10 μl of 0.5 M EDTA 

solution and placed on inoculated plates. The test was 

considered as positive if the zone of inhibition of 

imipenem + EDTA discs is >7 mm compared to 

imipenem alone, after 16 to 18 hours of incubation at 

37◦C.  

Ceftazidime-EDTA combined disc test (CAZ -EDTA 

CDT): 

Two discs were added to an agar plate, one of them 

contained CAZ and the other contained CAZ in addition 

to EDTA solution, after an incubation period of16 to 18 

hours of incubation at 37ºC the discs were observed. If 

the zone of inhibition around the CAZ/EDTA disc is ≥ 

7mm more than that of the CAZ only disc, the test is 

considered positive for MβL production
12

. 

Imipenem - EDTA Double disc synergy test (DDST-

IPM): 

A blank disc containing 10µl of 0.5 M EDTA 

(750ug) was placed 20 mm center to center from an 

imipenem (10ug) disc. Plates were incubated for 16 to 

18 hours at 35˚C. If there is enhancement of zone of 

inhibition between imipenem and EDTA disc, it was 

considered MβL positive
13

. 

Statistical analysis: 

The results were analyzed using the Statistical 

Package for the Social Sciences (SPSS) for Windows, 

version 22.0
14

. A level of significance of 5% (p<0.05) 

was adopted for all tests. 

 

RESULTS 
 

Carbapenem resistant GNB (CRGNB) isolates: 

Among 96 GNB isolates; Forty-three (43) isolates 

were identified as carbapenem resistant based on IPM 

(10 μg) and MEM (10 μg) resistance by disc diffusion 

method. The CRGNB isolates include; 29 Klebsiella 

pneumoniae (K.pneumoniae) (67.4%), 10 E. coli 

(23.3%), 2 Pseudomonas aurginosa (4.65%) and 2 

Proteus species (4.65%) (Table1). 

 

Table (1): Types of CRGNB isolated organisms: 

Types of isolated organisms CRGNB N (%) 

N=43 

E .coli 10 (23.3%) 

Klebsiella pneumoniae 29 (67.4%) 

Proteus  species 2 (4.65%) 

Pseudomonas aurginosa 2 (4.65%) 

 

Most of the CRGNB isolates were collected from 

Urine ,18 isolates (41.9%), 12 isolates (27.9%) were 

isolated from tracheal aspirate (TA), 7 isolates (16.2%) 

were isolated from sputum and 6 isolates (14 %) were 

isolated from blood (Table 2) 

 

Table 2: Types of collected specimens and its 

percentages 
Types of specimens CRGNB  N(%)  

N=43 
Urine 18 (41.9%) 
Blood 6 (14%) 
Tracheal aspirate 12 (27.9%) 
Sputum 7 (16.2%) 
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Antibiotics susceptibility testing of CRGNB isolates: 
All the CRGNB isolates (100%) were resistant to all 

beta-lactam/beta-lactamase inhibitor combinations, 3
rd

 

generation cephalosporine, cefepime, ciprofloxacin and 

levofloxacin. 34 isolates (79.1%) were resistant to 

gentamicin, and 41 isolates (95.3%) were resistant to 

amikacin (Table 3). 

 

Table 3:Antibiotics sensitivity of the CRGNB isolates 

Antibiotics Sensitive Resistant 

Amoxicillin-Clavulenic acid 0 43 (100%) 

Pipracillin –Tazobactam 0 43 (100%) 

Cefoxitin 0 43 (100%) 

Ceftriaxone 0 43 (100%) 

Ceftazidime 0 43 (100%) 

Cefitaxime 0 43 (100%) 

Cefepime 0 43 (100%) 

Amikacin 2 (4.7%) 41(95.3%) 

Gentamicin 9 (20.9%) 34(79.1%) 

Ciprofloxacin 0 43 (100%) 

Levofloxacin 0 43 (100%) 

Azteronam 19 (44.2%) 24 (55.8%) 

Imipenem 0 43 (100%) 

Meropenem 0 43 (100%) 

 

 

MIC of Meropenem of CRGNB isolates: 

The MIC of Meropenem was ranged 12-32𝜇g/ml. 

Out of 43 CRGNB, one isolate (2.3%) was resistant to 

meropenem with MIC (12𝜇g/mL) and 42 isolates 

(97.7%) were resistant to meropenem with MIC 

>32𝜇g/mL as shown in figure 1 and table 4. 

 

 
Fig. 1: MIC of meropenem by E test: MIC >32𝜇g/mL 

 

 

Table 4: Meropenem MIC by E test: 

Meropenem MIC 

results 

No of isolates (%) 

MIC >32𝜇g/mL 42 (97.7%) 

MIC =12𝜇g/mL 1 (2.3%) 

 

Phenotypic detection of MβL by IMP-EDTA CDT 

and CAZ -EDTA CDT: 

Out of 43 CRGNB isolates, 40 isolates (93%) were 

positive for MβL by IPM-EDTA CDT method, whereas 

36 (83.7%) were positive by CAZ -EDTA CDT method 

(Figure 2 and table 5). 

 

 
Fig. 2: Phenotypic detection of MβL by IMP-EDTA 

CDT and CAZ -EDTA CDT 

 

 

Phenotypic detection of MβL by DDST-IPM: 

Out of 43 CRGNB isolates, 19 isolates (44.2%) were 

positive for MβL and 24 isolates (55.8%) were negative 

for MβL production (Figure3 and table 5).  

 

 
Fig. 3: Positive MβL by DDST-IPM 

 

 

 

Table 5: Prevalence of MβL by different phenotypic 

detection methods: 

   Phenotypic test MβL 

Positive 

MβL 

Negative 

IMP-EDTA CDT  40 (93%) 3 (7%) 

CAZ-EDTA CDT 36 (83.7) 7(16.3%) 

DDST-IPM 19 (44.2%) 24(55.8%) 

 

 

EDTA 

disc 
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DISCUSSION 
 

The presence of a MβL -positive isolate in a hospital 

setting is a serious therapeutic problem. The accurate 

identification of such organisms is of great use in 

infection control and prevention of spread of this 

multidrug resistant bacteria
15

.Although different 

phenotypic methods had been described, CLSI
16 

does 

not include standardized recommendations for MβL 

screening. These Phenotypic tests include: Modified 

Hodge test (MHT), DDST, CDT and MβL E test
17

.  

Among these different methods, MβL E test is 

considered as the most widely accepted standardized 

MβL screening test
18

.However, most of clinical 

microbiology laboratories use other screening methods, 

like DDST and CDT because the E test strips are 

expensive and unavailable. 

In the current study we used EDTA as chelating 

agent with imipenem and ceftazidime. The DDST and 

the CDT were simple to perform, and the materials were 

not expensive, nontoxic and easily accessible, which 

makes them highly applicable for detection of MβL
18

. 

However, these methods may lack high sensitivity or 

specificity especially when compared to other methods 

such as whole genome sequencing and PCR which are 

the gold standard despite their limited availability
12

. 

In present study, the prevalence of MβL production 

among the collected 96 isolates was 44.8% (43/96). 

Lower prevalence rates were reported by Pandya et al
1
 

and Panchal et al
19

who found prevalence of MβL 

production in GNB was 6% (27/450) and 19.62% 

(21/107) respectively. In the present study, IMP-EDTA 

CDT was found to be the most sensitive confirmation 

test, it was positive in 40/43 (93%) of the isolates. This 

result was in agreement with Hebat-allah et al
20

 who 

found MEM-EDTA CDT sensitivity 94% in detection 

of MβL among their E.coli isolates. Also Meawed and 

Gad
21

, found 18(41.8%) of 43 Pseudomonas isolates 

were MβLs by IPM–EDTA CDT with the best 

sensitivity 100% and specificity of 93.1%. 

  Sachdeva et al
22

also demonstrated that the CDT is 

the best method for screening of MβL production in P. 

aeruginosa. it was positive in 144 isolates out of 147 

isolates (97.9%). Another study was conducted by 

Makled et al
23

, who used Ertapenem/EDTA combined 

disk (ETP/EDTA-CD) test to detect MβL production 

among ESBL producing E.coli isolates. The test showed 

sensitivity of 91%, specificity of 94% and accuracy of 

93% .it was able to detect 20/22 (90.9%) of blaVIM-

positive isolates. In the present study we used CAZ-

EDTACDT as the using a CAZ disc instead of IPM disc 

for CDT/DDST was recommended by Arakawa et 

al
24

.The test was positive in 36 isolates out of 43 isolates 

but MβL producing organisms may have CAZ 

resistance mechanisms. With such strains, CDT/DDST 

using CAZ will not show MβL production and, 

therefore, IPM disc must be used for detection of 

MβL
25

.As regarding IMP -DDST it was positive in 19 

isolate out of 43 isolates (54.8%). However, higher 

percentage was reported by Mishra et al
26

who found 89 

(93.68%) out of 95 imipenem-resistant Pseudomonas 

isolates were positive by IPM DDST method. Also, 

Ranjan et al
27

demonstrated that DDST was more 

specific in detecting MβL in comparison to the CDT. 

However, Biradar and Roopa
28

, reported that CDT 

surpasses DDST as a screening test. They used both 

tests to detect MβL production among 200 P. 

aeruginosa isolates and they found, 49(24.5%) to be 

MβL producers by CDT while DDST were positive in 

32(16%) isolates only. Also, Mehta and Prabhu 
29

found 

12(60%) isolates out of 20 imipenem resistant P. 

aeurginosa were positive for production of MβL by 

CDT, while only 8(40%) were detected by DDST, 

showing that CDT is superior and these results were in 

accordance of our results. This discrepancy in findings 

may be due to differences in population structure of 

MβL genes between different geographical area. False-

positive MβL producers were detected by all phenotypic 

assays. These false-positive cases might actually be 

producing an unknown and weaker β-lactamases, which 

should be further investigated
27

.  

In the present study K.pneumoniae 29 (67.4%) was 

the most common isolated  species, followed by E. coli 

10 (23.), then Pseudomonas and Proteus, 2 isolates for 

each (4.65%). This results were in agreement with El-

Rehewy et al
30

 who found Klebsiella spp as the most 

common isolated spp, 34% of CRGNB isolates, 

followed by Pseudomonas spp 23.71%, 18.56% were 

E.coli and 8.25% were Proteus spp. this results were 

against Naim et al 
31

, as Citrobacter species (25.2%) 

were the predominant CRGNB, followed by E. coli 

(24.2%), and P. aeruginosa (18.2%) followed by 

Serratia species (13.1%) and Klebsiella species (8.1%) 

in their study. Also, another study conducted by 

Wankhede et al
32

 reported that P. aeruginosa (23.7%), 

Acinetobacter spp. (18.4%), K. pneumoniae (8.3%), and 

E. coli (5%) were the most common MβL producers. In 

this study all the MβL producing isolates were resistant 

to all beta-lactam antibiotics, ciprofloxacin and 

levofloxacin. This result was in accordance with 

Behera et al
25 

and Ranjan et al
27

who reported that MβL 

–positive isolates are usually resistant to all β-lactam 

antibiotics, aminoglycosides, tetracycline, and 

fluoroquinolones.
 

Azteronam was the most sensitive drug.it was 

sensitive in 19 isolates (44.2%) and this results were 

against Naim et al
31

 who observed high resistance of 

aztreonam in their study. Most of CRGNB isolates were 

obtained from urine (41.%) followed by tracheal 

aspirate (27.9%), sputum (16.2%) and blood (14%).this 

distribution was in agreement with El-Rehewy et al
28

 

who found the highest numbers of samples collected 

were the endotracheal aspirate (24.5%), followed by 

sputum samples (20%), urine samples (17.75%), blood 
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samples (16.06%), wound  swabs (15.77%), and then 

throat swabs (5.92%) in their study.  

 

CONCLUSION 
 

The prevalence of MβL -producing GNB isolates in 

the ICU were high, with treatment failure due to high 

resistance to the commonly used antibiotics. IMP-

EDTA CDT can be used as a routine for detection of 

MβL -producing strains to identify MβL production 

before antibiotic use.   
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