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INTRODUCTION 
The increase in antibiotic resistance among Gram-

negative bacteria is a notable example of how 

bacteria can procure, maintain, and express new 

genetic information that can confer resistance to 

one or several antibiotics. This genetic plasticity 

can occur both inter- and intragenerically. Gram-

negative bacterial resistance possibly now equals or 

usurps that of gram-positive bacterial resistance and 

has prompted calls for similar infection control 

measures to curb their dissemination. The common 

form of resistance is either through lack of drug 

penetration (i.e., outer membrane protein [OMP] 

mutations and efflux pumps), hyperproduction of 

an AmpC-type β-lactamase, and/or carbapenem-

hydrolyzing    β-lactamases. [1]    Among     the    

beta-lactamases,  the   carbapenemases,   especially  

 

 

 

 

 

 

transferrable metallo-beta-lactamases (MBLs) are 

the most feared because of their ability to hydrolyze 

virtually all drugs in that class, including the 

carbapenems. The major concern is with 

transmissible carbapenemases. The transmissible 

enzymes can be acquired unpredictably by 

important nosocomial pathogens such as 

Pseudomonas aeruginosa, Acinetobacter 

baumannii and members of the family 

Enterobacteriaceae. The chromosomal enzymes 

occur predictably in less common pathogens such 

as Stenotrophomonas maltophilia, Aeromonas 

species, Chryseobacterium species, and others. [2] 

In addition to their resistance to all beta-lactams, 

the MBL producing strains are frequently resistant 

to aminoglycosides and fluoroquinolones. 
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Article Info 
Metallo-β-lactamase (MBL)-producing bacteria lead to resistance to carbapenem an 

antibiotic that is used as the last resort for treatment of multidrug-resistant bacteria, 

extended spectrum beta-lactamases, and AmpC β-lactamase-producing Gram-negative 

bacteria (GNB). The emergence of MBL-producing GNB is challenge to microbiology 

laboratories because there are no standardized guidelines available to detect them. The aim 

of this study was to compare three phenotypic methods to detect MBL production in GNB 

and to determine antibiotic sensitivity of MBL-producing isolates. A total of 250 GNB 

isolated from various clinical samples were tested for MBL production. All isolates were 

subjected to antibiotic susceptibility testing. Out of 250 isolates, 130 Imipenem (IPM)-

resistant clinical isolates were taken as positive for MBL screening which were  then 

subjected to confirmation by three phenotypic methods including Combined Disc test, MIC 

and Carba NP test. Out of 130 GNB, 112(86%) isolates were Carba NP positive for MBL 

production whereas the 18(13.8%) were negative for the enzyme. CDST and MIC, done for 

the presence of MBL enzyme revealed 104(80%) isolates to be positive for its presence 

whereas 26(20%) isolates were negative. In this study Carba NP test was found to be most 

sensitive and rapid method. 
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However, they usually remain susceptible to 

polymyxins. Unlike carbapenem resistance due to 

several other mechanisms, the resistance due to 

MBL and other carbapenemase production has a 

potential for rapid dissemination, as it is often 

plasmid-mediated. [3] Consequently, the rapid 

detection of MBL production is necessary to 

initiate effective infection control measures to 

prevent their dissemination. Present study was thus 

conducted to compare three phenotypic methods for 

detection of metallo-beta-lactamases so as to find 

out the most sensitive and rapid method which can 

help better patient care by early detection and 

timely intervention. 

 

MATERIALS AND METHODS 
This prospective study was conducted in the 

department of Microbiology, Sher-i-Kashmir 

Institute of Medical Sciences (SKIMS), a 660 

bedded tertiary care institute over a period of one 

year (November 2013 to October 2014). Gram 

negative bacilli isolated from various clinical 

samples (blood, pus, urine, sputum and other body 

fluids) of patients admitted at Sher-i-Kashmir 

Institute of Medical Sciences were identified using 

standard microbiological techniques. Non duplicate 

Gram negative bacilli isolated from various clinical 

samples of patients admitted in SKIMS were 

included in the study. Repeated samples from the 

same patient and poly-microbial infection were 

excluded from the study.  

 

A total of 250 GNB isolated from various clinical 

samples including Escherichia coli, Pseudomonas 

species, Klebsiella species, Acinetobacter species, 

and Proteus mirabilis were tested for MBL 

production. All isolates were subjected to antibiotic 

susceptibility testing. Imipenem (IPM)-resistant 

clinical isolates were taken as positive for MBL 

screening. Isolates which gave MBL screening test 

positive were subjected to confirmation by three 

phenotypic methods including Combined Disc test, 

MIC and Carba NP test. 

 

Antimicrobial susceptibility testing 

Antimicrobial susceptibility was performed by 

Kirby-bauer disc diffusion method according to 

CLSI guidelines. [4] Antibiotic disks were procured 

from Hi-Media Laboratories Pvt. Limited; Mumbai, 

India. Phenotypic methods used for confirmation of 

MBL production. 

 

Combined disc test 

Two imipenem discs (10µg), one containing 10µl 

of 0.5mM anhydrous EDTA (292µg), and the other 

one without EDTA were placed 25mm apart on 

Mueller Hinton plate. A strain producing a diameter 

of ≥5mm around the disc with IPM-EDTA when 

compared to IPM alone was considered positive for 

MBL [Fig.1]. [5] EDTA solution (0.5Mm) was 

made by dissolving 186.1g of disodium 

EDTA.2H2O in 1000ml of distilled water and its 

pH was adjusted to 8.0 (using NaOH). After 

sterilizing the mixture by autoclaving at 121°C for 

15 min; using a sterile pipette, 10µl of this solution 

was poured onto imipenem disc. The EDTA 

impregnated discs were stored at -20°C in airtight 

vials after being dried in an incubator, till further 

use. 

 

Procedure 

An overnight broth culture of the test strain 

(opacity adjusted to 0.5 McFarland standards) was 

inoculated onto a Mueller Hinton agar plate.  

Imipenem 10µg disc without EDTA was placed on 

the agar plate 25mm apart from an imipenem disc 

containing EDTA. Following incubation at 37°C 

for 18-24 hours the plates were examined for 

enhancement of zone sizes. 

 

Minimum Inhibitory Concentration (MIC) for 

IPM and IPM-EDTA: 

MIC for IPM and IPM-EDTA (Hi Media) was 

determined by microbroth dilution method. A four-

fold reduction of MIC in IPM-EDTA when 

compared with IPM alone was taken as positive for 

MBL production. Imipenem stock solution was 

prepared using the formula 1000/P×C×V=Wt (P= 

potency V=volume of diluents C=conc of antibiotic 

in stock solution Wt=weight of antibiotic required. 

The solution was prepared in such a way that its 

concentration was 1mg/ml or greater. Working 

antibiotic solution was prepared as per the formula 

V1C1=V2C2 (V1=volume of the starting solution 

needed, C1=concentration of starting solution, 

V2=final volume of the new solution, C2=final 

concentration of new solution).  

 

Microbroth dilution method  

Using a micropipette 50µl of Muller-Hinton broth 

(MHB) was dispensed into all wells of a microtitre 

plate leaving the first column unfilled. After this 

100µl of working antibiotic solution (concentration 

64µg/ml) was added to the alternate wells of the 

first column. Likewise 100µl of the working 
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antibiotic + 0.5mM EDTA solution (64µg/ml) was 

added to the unfilled wells of the first column. 

From the first well 50µl of the antibiotic working 

solution was pipetted out and added to the second 

well, already containing 50µl of MH broth. From 

the second well 50µl of solution was added into the 

next well and so on and so forth till the well 

number 10 was reached from which 50µl of the 

solution was discarded. The final concentration in 

the wells ranged from 64-0.0625 µg/ml. The last 

two columns served as growth control and sterility 

control respectively. Turbidity of the bacterial 

inoculum was adjusted to 0.5 McFarland standards 

and 50µl of it was dispensed into all the wells of 

the microtitre plate. Finally the plates were 

incubated at 37°C overnight and results read the 

other day. Results were recorded by visual 

inspection of microtitre plates after overnight 

incubation at 37˚C as per CLSI guidelines. [4] The 

test was considered valid when acceptable growth 

(more or equal to 2-mm button or definite turbidity) 

was seen in the positive control well. Absence of 

turbidity or a button of less than 2 mm diameter in 

the test well was thus taken as the MIC of the 

organism under test. A ≥ four-fold IPM MIC 

reduction in presence of chelators as compared to 

MIC without them was taken as cutoff value for 

MBL production. 

 

Carba NP Test 

Rapid detection of carbapenemase was done by 

Carba NP test performed as per methods described 

by Nordmann et al. with few modifications.5Briefly 

one calibrated dose of the isolate from culture plate, 

was re-suspended in 10 ml of Tris-Hcl; 20mmol/L 

(Puregene, Genetix, pvt. Ltd, India) and lysis 

buffer. This was vortexed for 1 minute and then 

incubated at room temperature for 30 minutes. The 

resulting bacterial suspension was centrifuged at 

10,000 g at room temperature for 5 minutes. Thirty 

microliter of supernatant, corresponding to 

enzymatic bacterial suspension was mixed in a 96-

well microtiter plate with 100µl of a 1 ml solution 

made up of 3mg imipenem powder (Sigma), phenol 

red solution and 0.1mmol/l ZnSO4 (Sarabhai M 

chemicals,India.). 

 

The pH was adjusted to 7.8 by adding drops of 1N 

NaoH. Phenol red solution was prepared by mixing 

2ml of a phenol red solution 0.5% (wt/vol)with 

16.6 ml of distilled water. The solution was 

procured from Hi-Media Laboratories Pvt. Limited 

Mumbai, India. The pH was adjusted to 7.8 by 

adding 1N NaOH. Mixture of phenol red and 

enzymatic suspension being tested was incubated at 

37° C for a maximum of 2 hours. 

 

Interpretation of results 

The Carba NP test was interpreted as follows: 

1. If the color of the wells containing imipenem 

plus ZnSO4 turned from red to yellow or orange the 

isolate was considered as carbapenemase producer. 

2.  If the color of the wells containing imipenem 

plus ZnSO4 did notturn red to yellow or orange the 

isolate was considered as non-carbapenemase 

producer. 

 

RESULTS 
Out of 250 clinical isolates of GNB, 130 isolates 

were resistant to IPM which were considered as 

MBL screening positive. All 130 IPM-resistant 

isolates were further processed for confirmation by 

different methods for phenotypic detection of MBL 

producers. In the present study, out of 130 GNB, 

112(86%) isolates were Carba NP positive for 

MBL production whereas the 18(13.8%) were 

negative for the enzyme. CDST and MIC, done for 

the presence of MBL enzyme revealed 104 (80%) 

isolates to be positive for its presence whereas 

26(20%) isolates were negative.   

 

MBL positive isolates were grown mostly from 

specimens obtained from patients in surgical 

intensive care unit 24 (21.4%), followed by general 

medicine, 22 (19.6%) ; general surgery, 15 

(13.3%); endocrinology 13 (10.9%); plastic surgery 

12 (10.7%); nephrology 10 (8.9%); cardiovascular 

and thoracic surgery 5 (4.4%); medical oncology 4 

(3.5%) neonatology 4 (3.5%), pediatric surgery 2 

(1.7%) and cardiology 1 (1.2%). A significant 

number of MBL positive isolates were from SICCU 

(P=0.013). Majority of the MBL positive organisms 

were Acinetobacter species 28 (25%). This was 

followed by E. coli and K. pneumoniae 25 (22.6%) 

each, P. aeruginosa 19 (16.9%), E. cloacae 9 (8%), 

Citrobacter species 4 (3.5%) and Proteus mirabilis 

2 (1.7%). A significantly higher number of 

Acinetobacter species were found to be MBL 

positive by Carba NP test. (P=0.009).  Higher 

resistance pattern of MBL positive isolates was 

seen to the various antibiotics tested with 

statistically significant values seen for amikacin, 

gentamicin, ceftazidime, ceftriaxone, ciprofloxacin, 

co-trimoxazole, imipenem (P<0.001) and 

carbenicillin (P=0.022), ampicillin + sulbactam 
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(P=0.038), ticarcillin + clavulanic acid ( P=0.035), 

levofloxacin (P=0.025) and norfloxacin (P=0.002). 
 

DISCUSSION 
Multidrug resistance among a variety of bacterial 

species is a worldwide phenomenon causing both 

community acquired and nosocomial infections. 

One of the most important resistant traits 

corresponds to the production of the carabapenem 

hydrolysing beta-lactamases that confer resistance 

to almost all β-lactams. [5] Therapeutic options for 

the management of infections due to metallo beta 

lactamase producing bacteria are limited and 

morbidity and mortality is high. Resistance due to 

carbapenemase production has a potential for rapid 

dissemination as it is often plasmid mediated. 

Consequently timely detection of these plasmid 

borne and easily transmissible carbapenemases is 

important given the implications for infection 

control. [6] However, detection of such organisms 

is challenging since many of them may have only 

borderline reductions in susceptibility to 

carbapenems and resistance may be mediated by 

mechanisms other than carbapenemase production. 

Detection of MBL by PCR usually gives reliable 

and satisfactory results; however, because of the 

cost the method, it is of limited practical use for 

routine diagnostic microbiology laboratories. Thus, 

simple and inexpensive testing methods for 

detection of MBL producers is necessary. 

 

In our study, out of 130 GNB, 112 (86%) isolates 

were Carba NP positive for MBL production 

whereas the 18(13.8%) were negative for the 

enzyme. High prevalence of MBLs was expected as 

we included isolates which were resistant to 

imipenem. Mechanisms other than carbapenemase 

production like loss of porin channels or increased 

efflux pump activity can be reason for the 18 

imipenem resistant isolates that were negative by 

Carba NP test. CDST and MIC, done for the 

presence of MBL enzyme revealed the 104(80%) 

Carba NP test positive GNB isolates to be positive 

for its presence whereas 26(20%) isolates were 

negative. Our study revealed Carba NP test more 

sensitive than MIC and CDST for detection of 

metallo betalactamases and another advantage of 

Carba NP test over these methodsis that Carba NP 

test is less time consuming, takes less than 2 hrs for 

detection of carbapenemases and results are 

obtained same day whereas MIC and CDST are 

more time consuming when compared to Carba NP 

test. In a comparison of the Carba NP test with the 

modified Hodge test, for detecting carbapenemase 

producing Gram negative bacilli, Vasoo S et al. 

(2013)  found the two tests to be equally sensitive 

with the Carba NP test exhibiting higher specificity 

(100% as compared to MHT (80%). [7] Likewise, 

Huang TD et al. (2014), compared the Carba NP 

test to another chromogenic based assay, the Rosco 

Rapid CARB screen and reported a better 

performance of the Carba NP test, owing to its 

superior specificity. [8] 

 

In the present study, MBL positive isolates were 

grown mostly from specimens obtained from 

patients in surgical intensive care unit 25 (15.2%), 

whereas MBL negative isolates were recovered 

from general medicine, 24 (27.9%). Significant 

isolation of MBL producing isolates was seen from 

SICCU (P=0.013). A similar observation was made 

by Zavascki et al who found ICU stay as a risk 

factor for acquisition of MBL producing 

Pseudomonas aeruginosa. [9] 

 

In present study a significantly higher number of 

Acinetobacter species were found to be MBL 

positive 28 (25%); (P=0.009).Infections caused by 

this organism have been reported globally and are 

increasing in incidence these days  and since 

majority of A. baumannii recovered from patients 

are MDR, treatment of these infections is 

challenging. [10] This has been documented in 

many other studies. [11] Higher resistance pattern 

of MBL positive isolates was seen to the various 

antibiotics tested with statistically significant 

values seen for amikacin, gentamicin, ceftazidime, 

ceftriaxone, ciprofloxacin, co-trimoxazole, 

imipenem (P<0.001) and carbenicillin (P=0.022), 

ampicillin + sulbactam (P=0.038), ticarcillin + 

clavulanic acid (P=0.035), levofloxacin (P=0.025) 

and norfloxacin (P=0.002).  Our study indicates 

MBL producing isolates were resistant to several 

antibiotic classes. This has been validated in several 

other studies. [12-14]   

 

In our study a high proportion of isolates which 

were MBL producers were susceptible to polymixin 

B. This has been found in other studies also. [15] 

Polymyxin B and colistin remain the mainstay of 

treatment for multi-drug resistant (MDR) 

Pseudomonas aeruginosa and Acinetobacter 

baumannii. The alternative therapeutic strategies 

for MDR Acinetobacter baumannii includes the use 

of rifampicin, travofloxcin, doxycycline, 

minocycline or tigecycline with sulbactam. [16-17] 
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CONCLUSION 
The present study was thus conducted for detection 

of metallobeta-lacatamases by different phenotypic 

tests in clinical isolates of gram negative bacteria 

and to compare their sensitivity and duration of 

tests so as to prevent  the spread of infection caused 

by  these organisms  by timely institution of 

infection control measures and by developing 

antibiotic policy for their treatment based on the 

results of susceptibility testing of carbapenemase 

producing organisms. Moreover, Carba NP test has 

been recently included in CLSI guidelines as a 

confirmatory test for detection of carbapenemases 

in Gram negative bacteria. [18] 
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Fig.1. CDST showing enhancement in zone sizes of >5 mm around imipenem discs containing   EDTA. 

 

 

Fig.2. MIC of imipenem and EDTA - Showing a fourfold reduction in MIC in presence of EDTA 
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Fig.3. Showing MBL producers by various phenotypic methods. 

 

 

Fig.4. Representative results of Carba NP test for  PCR confirmed strains. 

Carba NP test positive strains: All wells are showing change in colour from red to yellow. 
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Table 1: Shows comparison of time taken by Carba NP test and conventional methods (CDST and MIC) for 

the confirmation of results. 

 

 

Carba NP  

 

Conventional methods(MIC and 

CDST) 

Mean of time taken by different tests             1.83  hrs          24hrs 

Standard deviation             0.20          0 

P value < 0.00001, significant. 
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