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Abstract 
Objective: Increasing the emergence of Metallo-β-lactamase (MBL) produc-
ing gram-negative bacteria and their dexterous horizontal transmission de-
mands rapid and accurate detection. This study was conducted to determine a 
suitable method to promptly detect MBL-producing gram-negative bacteria. 
Methods: A total of 103 gram-negative bacteria were identified from various 
clinical samples at a tertiary care hospital in Dhaka city. MBL producers were 
detected by two phenotypic methods, the Disk Potentiation Test (DPT) and 
the Double Disk Synergy Test (DDST) based on β-lactam chelator combina-
tions where EDTA/SMA has been used as an inhibitor and Imipenem, Cefta-
zidime as substrates. Results: 103 isolates which were identified as Escheri-
chia coli spp, Klebsiella spp, Pseudomonas spp, Acinetobacter spp, Proteus 
spp, Providencia spp were found to be multidrug-resistant in antibiogram 
test. Isolates showed complete resistance (100%) to Imipenem, Meropenem, 
and Amoxiclav. The highest carbapenem-resistant etiological agents were 
Acinetobacter spp 40 (38.8%) followed by Pseudomonas spp 27 (26.2%), 
Klebsiella spp 26 (25.2%), Escherichia coli 8 (7.8%), Proteus spp 1 (1%) and 
Providencia spp 1 (1%). DPT method detected significantly (p = 0.000009) a 
higher number of MBL-producers (Imipenem with 0.5 M EDTA n = 61, 
59.2% & Ceftazidime with 0.5 M EDTA n = 56, 54.4%) compared to the 
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DDST method (Imipenem - 0.5 M EDTA n = 43, 41.7%, Imipenem – SMA n 
= 38, 36.9% & Ceftazidime - 0.5 M EDTA n = 15, 14.6%). Conclusion: Pieces 
of evidence suggest that DPT is a more sensitive method than DDST and 
could be recommended for identifying MBL-producing bacteria in Bangla-
deshi hospitals for the proper management of patients, to reduce time con-
straints and treatment costs. 
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1. Introduction 

Metallo-β-lactamases (MBLs) producing bacteria (Enterobacteriaceae) are of 
paramount global concern given limited therapeutic options, and untoward 
clinical outcomes. The horizontal transmission of carbapenemase genes me-
diated by mobile genetic elements (self-transmissible plasmids) carrying addi-
tional resistance elements confer resistance to various groups of antibiotics, re-
sulting in multidrug resistance, including bacteria resistant to all available anti-
biotics [1] [2]. Due to their marked resistance to a wide range of antibiotics, in-
fections caused by carbapenemase-producing Enterobacteriaceae are terribly dif-
ficult to manage. Moreover, Enterobacteriaceae, being a part of intestinal flora 
are easily spread and difficult to eliminate, especially in countries like Bangla-
desh with low levels of hygiene. The widespread use of antibiotics in humans 
and in the food chain and their spillover into the environment accelerate the se-
lection and/or horizontal transfer of antibiotic-resistant genes or plasmids in a 
given bacterial population [3] [4]. Since MBLs are mostly transposon-and/or in-
tegron-encoded determinants, they can easily disseminate to other enterobac-
terial strains [5] [6] [7] [8]. 

It is conceivable that the primary source of these bacteria are hospitals and 
other healthcare settings where severe cases of bacterial infections are presented, 
and the volume of antibiotic use is high [9] [10]. Numerous studies have de-
scribed and evaluated the performance of simple phenotypic tests for the specific 
detection of carbapenemase-producing strains by different groups of scientists 
all over the globe, with a marked endemicity according to enzyme type [10]. It 
appears that the effect of carbapenem-resistant Enterobacteriaceae (CRE) in 
Bangladesh and their impact on the environment are uncharted. To our know-
ledge, only one study for phenotypic detection of MBLs by DPT has been done 
in Bangladesh [11]. However, none of the researchers performed comparative 
studies among the MBL detection methods. 

Therefore, practical and accurate phenotypic approaches are urgently 
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needed to detect obviously increasing carbapenemase producers among Entero-
bacteriaceae in the clinical laboratory or diagnostic laboratories lacking molecu-
lar identification setup. These assays may provide substantial information before 
the application of the more expensive and sophisticated molecular techniques 
[5] [12]. Furthermore, phenotypic methods will include all novel carbapenemase 
gene types [10] which “the predefined gene target” based PCR method cannot 
identify. 

Considering the public health threat, the MBL producers pose and the rapid 
dissemination of MBL in bacteria, the systemic search for MBL detection methods 
based on β-lactam-chelator combinations seems praiseworthy which could per-
form well to identify all MBL-producing enterobacterial species in Bangladesh. 
Several phenotypic methods are used by researchers for the detection of the MBLs 
which are produced by gram-negative bacteria. Most of these methods are based 
on the ability of the metal chelator (EDTA) and sodium mercaptoacetate (SMA) to 
inhibit the enzyme activities [13] [14]. Therefore, the present study aimed to de-
termine an accurate phenotypic method through comparative studies among the 
Disc Potentiation Test (DPT) and the Double Disc Synergy Test (DDST) to ex-
plore the incidence of multidrug-resistant MBL producers in Bangladesh along 
with antimicrobial-resistant patterns of these organisms. 

2. Methods  
2.1. Sample Collection 

A total of 103 gram-negative bacteria isolated from various units of Evercare Hos-
pital, previously called Apollo Hospital, Dhaka, were used for this study. These 
included 1) 13 isolates from outpatient (OPD) 2) 43 isolates from inpatients 
(IPD) 3) 47 isolates from the Intensive Care Unit (ICU). The ratio of infected 
males to females, as well as the infection rate in various age groups were record-
ed accordingly. Bacterial samples were isolated from different clinical specimens 
including Urine, Tracheal aspirate, Sputum, Blood, ET tube tips, Pus, Suction 
tips, Wound swabs, Foley catheter tips, Silicon catheters, and CVP tips. All ex-
perimental methods were carried out in accordance with guidelines and regula-
tions approved by the “Research and Ethical Practice Committee” of Evercare 
Hospital, Dhaka, Bangladesh. Oral informed consent was obtained from the 
study subjects/patients or from their legal guardians and was approved by the 
“Research and Ethical Practice Committee” at Evercare Hospital, Dhaka, Ban-
gladesh and the data were analyzed anonymously.  

2.2. Identification of Gram-Negative Bacteria 

All these specimens were inoculated on appropriate culture media (MacConkey 
agar, Blood agar, Chocolate agar and only for urine samples HiCrome UTI agar 
was used) and incubated for 24 to 48 hours at 37˚C. After incubation, organisms 
were identified by standard microbiological procedures (Colonial morphology, 
Gram stain appearance, oxidase test, triple sugar iron test, motility test, urease 

https://doi.org/10.4236/aid.2023.134050


S. K. Das et al. 
 

 

DOI: 10.4236/aid.2023.134050 612 Advances in Infectious Diseases 
 

test, citrate test and indole test). 

2.3. Antimicrobial Susceptibility Testing 

Antibiotic susceptibility tests were performed using the Kirby-Bauer disc diffu-
sion techniques according to CLSI guidelines [15]. Inoculates were prepared by 
suspending the isolates in normal saline equal to the turbidity of 0.5 McFarland 
turbidity standard and applied on Mueller-Hinton Agar plates. All antibiotic 
discs were obtained from Oxoid, UK. Antibiotic discs were used depending on 
the types of microorganisms and specimens (Amoxiclav 30 mcg, Ceftriaxone 30 
mcg, Cefepime 30 mcg, Ceftazidime 30 mcg, Imipenem 10 mcg, Meropenem 10 
mcg, Polymyxin 300 mcg, Amikacin 30 mcg, Gentamicin 10 mcg, Netilmicin 30 
mcg, Tetracycline 30 mcg, Tigecycline 15 mcg, Ciprofloxacin 5 mcg, Levoflox-
acin 5 mcg, Cotrimoxazole 25 mcg). These discs were incubated along with con-
trols for 18 - 24 hours at 37˚C aerobically.  

In the present study, Escherichia coli ATCC 25922 was used for quality con-
trol of the antimicrobial tests. Isolated gram-negative bacteria were subjected to 
an array of antibiotics and the results were interpreted as resistant or sensitive 
according to criteria set by the Clinical and Laboratory Standards Institute (CLSI). 
Gram-negative isolates with Imipenem (IPM) resistance were tested for detection of 
MBL by DPT and DDST method. A total number of 103 gram-negative bacteria 
showed carbapenem resistance in routine culture. 

2.4. Double Disc Synergy Test (DDST)  

The bacterial isolates were sub-cultured on MacConkey agar media and incu-
bated overnight at 37˚C. After overnight incubation, 2 - 3 isolated colonies of the 
organism were picked up from the subculture plate by a sterile inoculating wire 
loop and suspended in 3 ml sterile peptone water in a screw-capped test tube. 
The test strain was adjusted to the McFarland 0.5 standard. Within 15 minutes 
of adjustment of the density of the organism, streaking on Mueller-Hinton agar 
was done using a sterile cotton swab.  

One disc containing Ceftazidime (CAZ) (30 mcg) and two IPM (10 mcg) was 
placed on the plate. The distance between every CAZ/IPM disc was kept at about 
4 cm from center to center [16]. Two blank discs with 10 µl of 0.5 M EDTA 
added were placed near the CAZ/IPM disc, within a center-to-center distance of 
2 cm. A sodium mercaptoacetate (SMA) (Metallo-β-lactamase SMA Eiken; Ei-
ken Chemical Co., Ltd., Tokyo, Japan) disc was placed near the IPM disc respec-
tively disc distance edge to edge 10 mm. The agar plate was incubated at 37˚C 
overnight [14] [17]. 

In the Double Disc Synergy Test (DDST) with 0.5 M EDTA, the enhancement 
of synergistic growth inhibition zones between the CAZ/IPM disc towards the 
disc containing 0.5 M EDTA was considered positive for MBLs [16]. The pres-
ence of a synergistic inhibition zone of IPM with greater than 5 mm enlargement 
with the SMA disc side, was interpreted as positive [14].  
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2.5. Disc Potentiation Test (DPT) 

The bacterial isolates were sub-cultured on MacConkey agar media and after an 
overnight incubation at 37˚C, 2 - 3 isolated colonies of the organisms were sus-
pended in 3 ml sterile peptone water. The test strain was adjusted to the McFar-
land 0.5 standard. Within 15 minutes of adjustment of the density of the organism, 
streaking on Mueller-Hinton agar was done using a sterile cotton swab. 

Disc Potentiation Test (DPT) was done as per Yong et al. using IPM-EDTA 
[18] [19]. The test depends on comparing the zones given by disc containing 
IPM with or without EDTA modified the test by using two 10 mcg IPM disc and 
two 30 mcg Ceftazidime (CAZ) disc [19] [20]. A zone diameter difference be-
tween the IPM/CAZ and IPM/CAZ + 0.5 M EDTA disc with greater (>) than 7 
mm was interpreted as a positive result. 

Two discs containing 30 mcg CAZ and two discs containing 10 mcg IPM were 
placed on the plates. The distance between every CAZ/IPM disc was kept at 
about 4 cm from center to center. 10 µl of 0.5 M EDTA was added to one 
CAZ/IPM disc. The plate was incubated at 37˚C overnight. In this study, DPT 
with 0.5 M EDTA, the enlargement of the diameter of the growth inhibitory 
zone around CAZ/IPM + 0.5 M EDTA disc with greater than 7 mm, compared 
to CAZ/IPM alone was considered positive for MBLs. 

2.6. Statistical Analysis 

For the statistical analyses, data were entered into an Excel spreadsheet and 
analyzed using the statistical software SPSS version 20.0 (IBM; Chicago, IL, USA) 
for Windows. Bivariate correlation test was performed. A p-value of <0.05 was 
considered as statistically significant. 

3. Results 

3.1. Bacterial Isolates from All Age-Groups Showed 100%  
Resistance to Amoxiclav, and Carbapenems while “61 - 75”  
Age-Group Showed Highest Number of Resistant Isolates 

A total of 103 gram-negative strains were isolated from different clinical speci-
mens. All these bacteria isolated from the patients were subjected to an antibio-
gram test. Antibiotic susceptibility profile (n = 103) was analyzed for the six iso-
lated bacterial spps. All 103 isolates showed 100% resistance to Imipenem, Me-
ropenem, and Amoxiclav. We also investigated the distribution of resistant and 
susceptible isolates among male and female individuals. Results represented that 
the number of resistant isolates distribution was significantly high in male pa-
tients compared to the females (Table 1).  

The percentage of bacterial isolates from male and female patient groups that 
showed 100% resistance to Imipenem, Meropenem, and Amoxiclav were 70% 
and 30% respectively (Figure 1(a)).  

We also observed that Escherichia coli spp, Klebsiella spp, Pseudomonas spp, 
Acinetobacter spp, Proteus spp, and Providencia spp. showed a significantly higher  
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Table 1. Antibiotic susceptibility profiles of different carbapenem-resistant Enterobacteriaceae (CRE, n = 103). All 103 isolates 
showed 100% resistance to Imipenem, Meropenem, and Amoxiclav. The antibiotic susceptibility profile was analyzed for Escheri-
chia coli spp, Klebsiella spp, Pseudomonas spp, Acinetobacter spp, Proteus spp, and Providencia spp (n = 103) against antibiotics 
using the Kirby-Bauer disc diffusion techniques according to CLSI guidelines. The distribution of resistant and susceptible isolates 
among males and females was also analyzed. Results represented that the number of resistant isolates distribution was significantly 
high in male patients compared to the females. 

 
Gender 

Total 
Male Female 

Modes of Action Antimicrobial Category Antibiotics Sensitive Resistant Sensitive Resistant Sensitive Resistant 

Cell wall 
synthesis  
inhibitors 

Aminopenicillin 
 
Extended-spectrum 
Cephalosporins 
 
 
Carbapenems 
 
 

Amoxiclav (30 mcg) 
 
Ceftriaxone (30 mcg) 
Cefepime (30 mcg) 
Ceftazidime (30 mcg) 
 
Imipenem (10 mcg) 
Meropenem (10 mcg) 
 

- 
 
- 
3 
3 
 
- 
- 

72 
 

72 
69 
69 

 
72 
72 

- 
 

1 
1 
2 
 
- 
- 

31 
 

30 
30 
29 

 
31 
31 

- 
 
1 
4 
5 
 
- 
- 

103 
 

102 
99 
98 

 
103 
103 

Cell membrane Polypeptide antibiotics Polymyxin (300 mcg) 63 9 31 - 94 9 

Protein synthesis 
inhibitors 

Aminoglycosides 
 
 
 
Tetracyclines 
 

Amikacin (30 mcg) 
Gentamicin (10 mcg) 
Netilmicin(30 mcg) 
 
Tetracycline (30 mcg) 
Tigecycline (15 mcg) 

8 
7 
6 
 

12 
55 

64 
65 
66 

 
60 
17 

3 
4 
3 
 

7 
28 

28 
27 
28 

 
24 
3 

11 
11 
9 
 

19 
83 

92 
92 
94 

 
84 
20 

Nucleic acid 
synthesis  
inhibitors 

Fluoroquinolones 
Ciprofloxacin (5 
mcg) 
Levofloxacin (5 mcg) 

2 
4 

70 
68 

2 
2 

29 
29 

4 
6 

99 
97 

Folate pathway 
inhibitors 

Trimethoprim and 
Sulfamethoxazole 

Cotrimoxazole  
(25 mcg) 

9 63 5 26 14 89 

 
distribution among male patient group compared to female patient group 
(Figure 1(b)). In addition, our observation of the distribution of resistant bac-
terial isolates (n = 103) among age group data revealed that the “61 - 75” age 
group showed the highest number of resistant isolates. The age group also 
represented the highest resistant isolates from ICU hospital units compared to 
OPD, and IPD units (Figure 1(c)). We performed a comparative analysis to in-
vestigate the level of significance among the five different tests and the statistical 
levels of significance by Pearson correlation has been shown in supplement Ta-
ble 1. We also investigated if particular sample types are useful for testing the 
susceptibility of clinically isolated etiological agents with antibiotics for proper 
management of the patients.  

We analyzed the sample-wise distribution of bacterial isolates and found that 
Urine, followed by Tracheal aspirate and Wound swab samples represented the 
highest number of carbapenem-resistant isolates (Figure 2. and Table 2).  
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Figure 1. Bacterial isolates from all age groups showed 100% resistance to Amoxiclav, and Carbapenems while the “61 - 75” age 
group showed the highest number of resistant isolates. (a) Showing the percentage of males and females affected by CRE. (b) Fre-
quency of clinically isolated etiological agents in clinical samples from various units in the hospital. (c) Showing the frequency of 
CRE isolated according to age group. 
 

 
Figure 2. Sample-wise distribution spectrum of various gram-negative strains. 
 

While all the bacteria isolated were found to be resistant to antibiotics Imipe-
nem, Meropenem, and Amoxiclav, the highest carbapenem-resistant etiological 
agents isolated was Acinetobacter spp 40 (38.8%) followed by Pseudomonas spp 
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27 (26.2%), Klebsiella spp 26 (25.2%), Escherichia coli 8 (7.8%), Proteus spp 1 
(1%) and Providencia spp 1 (1%) (Table 3).  

Our investigation on the susceptibility of bacterial isolates (n = 103) from all 
age groups to antibiotics (Amoxiclav, Ceftriaxone, Cefepime, Ceftazidime, Im-
ipenem, Meropenem, Polymyxin, Amikacin, Gentamicin, Netilmicin, Tetracyc-
line, Tigecycline, Ciprofloxacin, Levofloxacin, and Cotrimoxazole) (Table 4). 

 
Table 2. Sample-wise distribution spectrum of various (CRE) bacterial isolates. Individual bacterial isolates (n = 103) from Urine, 
Tracheal aspirate, Sputum, Blood, ET tube tips, Pus, Suction tips, Wound swab, Foleys catheter tips, Silicon catheter, and CVP tips 
were treated against commonly used antimicrobial agents. Escherichia coli spp, Klebsiella spp, Pseudomonas spp, Acinetobacter 
spp, Proteus spp, and Providencia spp showed resistance to antimicrobial agents. 

Antimicrobial agents 

Clinical samples 

Urine 
Tracheal 
aspirate 

Sputum Blood 
ET tube 

tips 
Pus 

Suction 
tips 

Wound 
swab 

Foleys 
catheter 

tips 

Silicon 
catheter 

CVP tips 

S R S R S R S R S R S R S R S R S R S R S R 

Amoxiclav  
(30 mcg) 

- 37 - 28 - 6 - 4 - 5 - 4 - 2 - 12 - 3 - 1 - 1 

Ceftriaxone (30 
mcg) 

- 37 - 28 - 6 - 4 1 4 - 4 - 2 - 12 - 3 - 1 - 1 

Cefepime (30 mcg) 1 36 3 25 - 6 - 4 - 5 - 4 - 2 - 12 - 3 - 1 - 1 

Ceftazidime (30 
mcg) 

1 36 3 25 - 6 - 4 1 4 - 4 - 2 - 12 - 3 - 1 - 1 

Imipenem  
(10 mcg) 

- 37 - 28 - 6 - 4 - 5 - 4 - 2 - 12 - 3 - 1 - 1 

Meropenem  
(10 mcg) 

- 37 - 28 - 6 - 4 - 5 - 4 - 2 - 12 - 3 - 1 - 1 

Polymyxin  
(300 mcg) 

31 6 26 2 6 - 4 - 5 - 4 - 2 - 12 - 3 - - 1 1 - 

Amikacin (30 mcg) 4 33 2 26 - 6 1 3 - 5 2 2 - 2 1 11 1 2 - 1 - 1 

Gentamicin  
(10 mcg) 

6 31 1 27 - 6 1 3 1 4 1 3 - 2 - 12 1 2 - 1 - 1 

Netilmicin (30 mcg) 2 35 1 27 - 6 1 3 1 4 2 2 1 1 - 12 1 2 - 1 - 1 

Tetracycline  
(30 mcg) 

8 29 5 23 1 5 1 3 2 3 - 4 - 2 2 10 - 3 - 1 - 1 

Tigecycline  
(15 mcg) 

28 9 22 6 4 2 4 - 5 - 3 1 2 - 10 2 3 - 1 - 1 - 

Ciprofloxacin  
(5 mcg) 

2 35 1 27 - 6 - 4 - 5 - 4 - 2 1 11 - 3 - 1 - 1 

Levofloxacin  
(5 mcg) 

2 35 2 26 1 5 - 4 - 5 - 4 - 2 1 11 - 3 - 1 - 1 

Cotrimoxazole  
(25 mcg) 

2 35 5 23 1 5 1 3 1 4 - 4 - 2 3 9 - 3 1 - - 1 
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Table 3. Distribution spectrum of resistant and susceptible CRE (n = 103) isolates among various bacterial spp against other 
commonly used antimicrobial agents. Klebsiella spp, and Acinetobacter spp showed the highest resistant isolated followed by 
Pseudomonas spp, Escherichia coli spp, proteus spp, and Providencia spp. 

Antimicrobial agents 

Gram-negative antibiotic-resistant organism 

Escherichia coli Klebsiella spp Pseudomonas spp Acinetobacter spp Proteus spp Providencia spp 

S R S R S R S R S R S R 

Amoxiclav (30 mcg) - 8 - 26 - 27 - 40 - 1 - 1 

Ceftriaxone (30 mcg) - 8 - 26 - 27 1 39 - 1 - 1 

Cefepime (30 mcg) - 8 - 26 4 23 - 40 - 1 - 1 

Ceftazidime (30 mcg) - 8 - 26 4 23 1 39 - 1 - 1 

Imipenem (10 mcg) - 8 - 26 - 27 - 40 - 1 - 1 

Meropenem (10 mcg) - 8 - 26 - 27 - 40 - 1 - 1 

Polymyxin (300 mcg) 8 - 24 2 23 4 38 2 1 - - 1 

Amikacin (30 mcg) 4 4 1 25 5 22 1 39 - 1 - 1 

Gentamicin (10 mcg) 3 5 4 22 2 25 2 38 - 1 - 1 

Netilmicin (30 mcg) 2 6 - 26 4 23 3 37 - 1 - 1 

Tetracycline (30 mcg) - 8 10 16 7 20 2 38 - 1 - 1 

Tigecycline (15 mcg) 8 - 24 2 12 15 38 2 - 1 1 - 

Ciprofloxacin (5 mcg) - 8 1 25 3 24 - 40 - 1 - 1 

Levofloxacin (5 mcg) - 8 1 25 3 24 2 38 - 1 - 1 

Cotrimoxazole  
(25 mcg) 

1 7 1 25 2 25 10 30 - 1 - 1 

3.2. The DPT Testing Method Is More Sensitive and Detected  
Higher Number of MBL Producers Compared to the DDST 

Among the five different tests performed by DPT and DDST methods compared 
in this study, of 103 clinical isolates, 61 (59.2%) isolates showed sensitivity by 
disc potentiation test (DPT) method using imipenem with 0.5 M EDTA and 56 
(54.4%) isolates ceftazidime with 0.5 M EDTA. In the DPT test method using 
imipenem with 0.5 M EDTA, the highest resistance to carbapenem strains car-
rying MBL enzyme found in IPD patients was 67% (29 out of 43) followed by 
ICU 53.2% (25 out of 47) and OPD 53.8% (07 out of 13) (Figure 3(a)).  

The inflated number of carbapenem-resistant bacterial strains carrying MBL 
enzyme were found in age groups 0 - 15 years (80%, 4 out of 5) followed by 76 
- > 90 years (76%, 13 out of 17) (Figure 3(b)). The proportion of males infected 
with MBL enzyme-producing resistant bacteria was higher than the proportion 
of females (44 out of 72) and (17 out of 31) respectively (Figure 3(c)). The high-
est percentage of MBL-producing strain was Escherichia coli (100%, 8 out of 8) 
(Figure 3(d)). Using ceftazidime with 0.5 M EDTA, the excessively high resistant 
strains to carbapenem carrying MBL enzyme were found in ICU patients (27 out of 
47) followed by IPD (25 out of 43) and OPD (04 out of 13) (Figure 3(a))  
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Table 4. Distribution spectrum of resistant bacterial CRE isolates (n = 103) among different age groups against antimicrobial 
agents using the Kirby-Bauer disc diffusion techniques. Bacterial isolates from all age groups showed 100% resistance to Amoxiclav (30 
mcg), Imipenem (10 mcg), and Meropenem (10 mcg) while the “61 - 75” age group showed the highest number of resistant isolates. 

Antimicrobial agents 

Age group 

0 - 15 16 - 30 31 - 45 46 - 60 61 - 75 76- > 90 

S R S R S R S R S R S R 

Amoxiclav (30 mcg) - 5 - 7 - 13 - 27 - 34 - 17 

Ceftriaxone (30 mcg) - 5 - 7 - 13 1 26 - 34 - 17 

Cefepime (30 mcg) - 5 - 7 2 11 - 27 1 33 1 16 

Ceftazidime (30 mcg) - 5 - 7 2 11 1 26 1 33 1 16 

Imipenem (10 mcg) - 5 - 7 - 13 - 27 - 34 - 17 

Meropenem (10 mcg) - 5 - 7 - 13 - 27 - 34 - 17 

Polymyxin (300 mcg) 5 - 6 1 13 - 25 2 29 5 16 1 

Amikacin (30 mcg) - 5 1 6 3 10 2 25 2 32 3 14 

Gentamicin (10 mcg) - 5 2 5 3 10 2 25 1 33 3 14 

Netilmicin (30 mcg) 1 4 2 5 3 10 2 25 1 33 - 17 

Tetracycline (30 mcg) 1 4 1 6 3 10 6 21 6 28 2 15 

Tigecycline (15 mcg) 5 - 6 1 11 2 20 7 26 8 15 2 

Ciprofloxacin (5 mcg) - 5 1 6 3 10 - 27 - 34 - 17 

Levofloxacin (5 mcg) - 5 1 6 3 10 1 26 - 34 1 16 

Cotrimoxazole  
(25 mcg) 

2 3 1 6 3 10 4 23 1 33 3 14 

 
and, the highest distribution was found in the age group “61 - 75” years (19 out 
of 34) (Figure 3(b)). The proportion of males infected with MBL en-
zyme-producing resistance bacterial strains was higher than the proportion of 
females (37 out of 72) and (19 out of 31) respectively (Figure 3(c)). The highest 
number of MBL-producing bacterial strains was Klebsiella spp (15 out of 26) 
followed by Escherichia coli (4 out of 8) (Figure 3(d)).  

In the DDST method using imipenem and 0.5 M EDTA 43 (41.7%) isolates 
showed sensitive patterns followed by 38 (36.9%) imipenem and SMA and 15 
(14.6%) isolates showed susceptibility to ceftazidime and 0.5 M EDTA. In this test 
method, using imipenem and 0.5 M EDTA, the highest resistant bacterial isolates to 
carbapenem strains carrying MBL enzyme were found in ICU patients (20 out of 
47) followed by IPD (18 out of 43) and OPD (05 out of 13) (Figure 3(a)). The 
highest carbapenem-resistant bacterial isolates carrying MBL-enzyme were found 
in the age group 61-75 years (17 out of 34) (Figure 3(b)) and the proportion of 
males infected with MBL enzyme-producing resistant bacterial strains was 
higher than the proportion of female (30 out of 72) and (13 out of 31) respec-
tively (Figure 3(c)). The highest percentage of MBL-producing bacterial 
strains was Escherichia coli (100%, 8 out of 8) (Figure 3(d)). On the other hand,  
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Figure 3. DPT testing method is more sensitive and detects a higher number of MBL producers compared to the DDST. (a) 
Number of MBL enzyme screenings using different inhibitors in various unit of the hospital. (b) Showing the frequency of MBL 
enzyme isolated according to age group (c) Number of MBL enzyme screening using different inhibitors affected by gender (d) 
Showing the frequency of MBL enzyme screening in different gram-negative strains. 
 

using imipenem and SMA, the highest number of bacterial isolates showing re-
sistance to carbapenem-carrying MBL-enzyme were found in ICU patients (17 
out of 47) followed by IPD (16 out of 43) and OPD (05 out of 13) (Figure 3(a)), 
and the highest distribution of carbapenem-resistant isolates carrying MBL-en- 
zyme were found in age-group .. years (15 out of 34) (Figure 3(b)) while the 
proportion of males patients infected with MBL enzyme-producing bacterial 
isolates was higher than of female (25 out of 72) and (13 out of 31) respectively 
(Figure 3(c)). The highest number of MBL-producing bacterial strains was 
Escherichia coli (8 out of 8) (Figure 3(d)). Using ceftazidime and 0.5 M EDTA, 
the highest number of bacterial isolates showing resistance to carbapenem 
strains MBL-enzyme was found in ICU patients (07 out of 47) followed by IPD 
(07 out of 43) and OPD (01 out of 13) (Figure 3(a)). The highest distribution of 
carbapenem-resistant bacterial isolates carrying MBL-enzyme was observed in 
the age group 61-75 years (07 out of 34) and the proportion of males infected 
with MBL-enzyme-producing resistant bacterial strains was higher than that of 
females (12 out of 72) and (03 out of 31) respectively (Figure 3(b) and Figure 
3(c) respectively), while the highest number of MBL-producing bacterial strain 
was Pseudomonas spp (8 out of 27) (Figure 3(d)).  
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4. Discussion 

The global spread of carbapenemase-producing bacteria underlined the necessity 
of appropriate diagnostic methods available in all clinical laboratories to moni-
tor their emergence. Special attention needs to be given to the developing coun-
try like Bangladesh, where sheer negligence leads to a higher risk of spread. Not 
only negligence, the availability of proper detection strategies for MBL-producing 
gram-negative bacteria leads to otherwise expensive detection systems. There-
fore, a cheaper, readily available and proper detection method for MBL-producing 
gram-negative bacteria, especially in peripheral hospitals is necessary. Acquired 
MBLs in gram-negative bacteria are becoming an emerging resistant determi-
nant worldwide [11]. To address this rising resistant determinant, we have in-
vestigated the prevalence and the distribution of MBL producers among the im-
ipenem-resistant isolates following standard methods of isolation and identifica-
tion. Even though detection using PCR a simple and straightforward approach is 
gaining momentum worldwide [21], it comes with a considerable expense and is 
usually not affordable and adaptable by most hospitals and clinics in Bangladesh. 
In contrast to traditional molecular-genetic techniques, which are only able to 
detect known genes, phenotypic detection of carbapenemase activity is also able 
to detect novel carbapenemases. Hence, for the detection of MBL-producing 
Enterobacteriaceae, DDST and DPT methods were used, as these two methods 
are accessible and affordable in most of the local hospitals. 

Our study suggests males are more susceptible compared to females to the re-
sistant Enterobacteriaceae no matter which location in Bangladesh they belong 
to, while the leading affected age group was “61 - 75” years of age, the most 
probable cause can be due to the weakened immune system at this age. A con-
cerning issue was the highest number of bacterial isolates detected of the age 
group “61 - 75” in ICU unit of the Hospital (Figure 1) although, the total num-
ber of bacterial isolates in OPD and IPD units were collectively higher than that 
of ICU unit. 

Reduced susceptibility of the MBL-producing gram-negative bacteria to im-
ipenem has been frequently reported [22] [23]. Interestingly, many of these re-
ports have documented only moderate resistance to Imipenem [23] [24]. The 
present study showed highsest levels (100%) of Imipenem and Meropenem re-
sistance for all the gram-negative bacteria tested (Table 1). In addition, our 
analysis results on the multi-drug resistance (100%) represented that the highest 
number of resistant isolates were obtained from Tracheal aspirate followed by 
Urine and Wound swabs. However, the results were not affected the sample 
types of the host (Figure 2 and Table 2) origin. A significant increase in the 
percentage of Acinetobacter spp isolates (62.5%, 25 out of 40 ) Ceftazidime with 
0.5 M EDTA (DPT) and (42.5%, 17 out of 40) Imipenem with 0.5 M EDTA 
(DPT) MBL detection was observed in the present study (Figure 3(d)) which is 
in contrast to the 83.87% MBL-producer was found in combined disc assays and 
(100%) MBL-producer A. baumannii by PCR test were previously reported in 
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another local study, reflecting the evolving scenario in Bangladesh. Our study 
demonstrated that all MBL-producing isolates were multidrug-resistant. Selec-
tive pressure and/or the simultaneous presence of other drug-resistant genes 
such as gene cassettes or other resistance mechanisms might be the reason for 
the co-resistance [11]. The present study gave significant indications that DPT 
(combined disc test) using EDTA as an inhibitor and Imipenem as the substrate 
can be successfully used for the identification of MBL enzymes among the bacte-
ria of the family Enterobacteriaceae. Although acquired MBL enzymes are fre-
quently found in Pseudomonas spp. and Acinetobacter spp. This study suggests 
that the existence of MBL in the species of E. coli and K. pneumoniae might be 
due to plasmid-mediated horizontal transfer that occur continuously among 
gram-negative bacilli, as reported previously [11].  

The carbapenem-resistant strains with no MBL noticeable by the DPT test in 
this study may possess other enzymes mediating carbapenem resistance, such as 
OXA-type lactamases (class D) or AmpC b-lactamases, and/or other mechan-
isms such as outer-membrane permeability and efflux mechanisms [20] that 
were yet left to check. Therefore, our research signifies that the identification of 
MBL-producing gram-negative bacteria by DPT is a better method compared to 
DDST (Figure 3) in identifying the spread of multiple antibiotic-resistant or-
ganisms. This finding will allow the development of containment measures, 
leading to broader impacts in reducing their transmission to the communities in 
Bangladesh. Moreover, our results highlight a handful of issues related to the 
prevalence and characteristics of MBL-producing gram-negative bacteria in hos-
pitals in Dhaka, a potential public health threat. Apart from the detection me-
thod, alarming fact about the rate of exposure of different age, sex groups, loca-
tions and specific sections in the hospital was brought to light.  

The high incidence of MBLs-producers among carbapenem, and amoxic-
lav-resistant gram-negative micro-organisms obtained in this study, demands 
necessary implementations of strict infection control, rearranging the patient’s 
management including the detection methods to overcome the therapeutic chal-
lenges, reduce hospitalization-time constraints and treatment cost. Early detec-
tion of multi-drug resistance, implementation of strict antimicrobial policies and 
infection control programs by hospitals may avoid the rapid dissemination of 
these organisms. This investigation gives an apprehensive critique to the dy-
namic detection of MBL-producing bacterial infection and will be of interest to 
the scientists, researchers, physicians working in hospitals, and microbiologists 
to understand, resistant mechanisms, controlling infection, as well as to gov-
ernment policymakers to set up a guideline for managing hospitals.  
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Supplemental Information  

Statistical analysis: For the statistical analyses, data were entered into an excel spreadsheet and analyzed using the 
statistical software SPSS version 20.0 (IBM; Chicago, IL, USA) for Windows was utilized. Bivariate correlation tests 
were performed. A p-value of < 0.05 was considered statistically significant. 
 
Table S1. Statistical significance of cross-Metallo-β-lactamases (MBLs), evaluated through the Disc Potentiation Test (DPT); 
Double Disc Synergy Test (DDST) were analyzed by the Pearson correlation test. Significant cross- Metallo-β-lactamases (MBLs) 
were found between (a) Imipenem + 0.5 M EDTA (DPT) and Ceftazidime + 0.5 M EDTA (DPT) (P = 0.006); (b) Imipenem + 0.5 
M EDTA (DPT) and Imipenem-0.5 M EDTA (DDST) (P = 0.000); (c) Imipenem + 0.5 M EDTA (DPT) and Imipenem-SMA 
(DDST) (P = 0.000); (d) Imipenem + 0.5 M EDTA (DPT) and Ceftazidime-0.5 M EDTA (DDST) (P = 0.019); (e) Ceftazidime + 
0.5 M EDTA (DPT) and Imipenem + 0.5 M EDTA (DPT) (P = 0.006); (f) Ceftazidime + 0.5 M EDTA (DPT) and Imipenem-0.5 M 
EDTA (DDST) (P = 0.149); (g) Ceftazidime + 0.5 M EDTA (DPT) and Imipenem-SMA (DDST) (P = 0.077); (h) Ceftazidime + 0.5 
M EDTA (DPT) and Ceftazidime-0.5 M EDTA (DDST) (P = 0.031); (i) Imipenem-0.5 M EDTA (DDST) and Imipenem + 0.5 M 
EDTA (DPT) (P = 0.000); (j) Imipenem-0.5 M EDTA (DDST) and Ceftazidime + 0.5 M EDTA (DPT) (P = 0.149); (k) Imipe-
nem-0.5 M EDTA (DDST) and Imipenem-SMA (DDST) (P = 0.000); (l) Imipenem-0.5 M EDTA (DDST) and Ceftazidime-0.5 M 
EDTA (DDST) (P = 0.000); (m) Imipenem-SMA (DDST) and Imipenem + 0.5 M EDTA (DPT) (P = 0.000); (n) Imipenem-SMA 
(DDST) and Ceftazidime + 0.5 M EDTA (DPT) (P = 0.077); (o) Imipenem-SMA (DDST) and Imipenem-0.5 M EDTA (DDST) (P = 
0.000); (p) Imipenem-SMA (DDST) and Ceftazidime-0.5 M EDTA (DDST) (P = 0.790); (q) Ceftazidime-0.5 M EDTA (DDST) 
and Imipenem + 0.5 M EDTA (DPT) (P = 0.019); (r) Ceftazidime-0.5 M EDTA (DDST) and Ceftazidime + 0.5 M EDTA (DPT) (P = 
0.031); (s) Ceftazidime-0.5 M EDTA (DDST) and Imipenem-0.5 M EDTA (DDST) (P = 0.000) and (t) Ceftazidime-0.5 M EDTA 
(DDST) and Imipenem-SMA (DDST) (P = 0.790). 

 
Imipenem + 0.5 
M EDTA (DPT) 

Caftazidime + 0.5 
M EDTA (DPT) 

Imipenem-0.5  
M EDTA 
(DDST) 

Imipenem-SMA 
(DDST) 

Ceftazidime-0.5 
M EDTA 
(DDST) 

Imipenem+ 0.5 M 
EDTA (DPT) 

Pearson 
Correlation 

1 0.271** 0.422** 0.471** 0.231* 

Sig. 
(2-tailed) 

 0.006 0.000 0.000 0.019 

N 103 103 103 103 103 

Caftazidime + 0.5 
M EDTA (DPT) 

Pearson 
Correlation 

0.271** 1 0.143 0.175 0.212* 

Sig. 
(2-tailed) 

0.006  0.149 0.077 0.031 

N 103 103 103 103 103 

Imipenem-0.5 M 
EDTA (DDST) 

Pearson 
Correlation 

0.422** 0.143 1 0.699** 0.376** 

Sig. 
(2-tailed) 

0.000 0.149  0.000 0.000 

N 103 103 103 103 103 

Imipenem-SMA 
(DDST) 

Pearson 
Correlation 

0.471** 0.175 0.699** 1 0.027 
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Continued 

 

Sig. 
(2-tailed) 

0.000 0.077 0.000  0.790 

N 103 103 103 103 103 

Ceftazidime-0.5 
M EDTA (DDST) 

Pearson 
Correlation 

0.231* 0.212* 0.376** 0.027 1 

Sig. 
(2-tailed) 

0.019 0.031 0.000 0.790  

N 103 103 103 103 103 

**Correlation is significant at the 0.01 level (2-tailed). *Correlation is significant at the 0.05 level (2-tailed). Disc Potentiation Test 
(DPT); Double Disc Synergy Test (DDST), sodium mercaptoacetate (SMA). 
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