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ABSTRACT
Background:  The emergence and the spread of metallo-beta-
lactamases (MBLs) in non fermenters like Pseudomonas aerugi-
nosa and the Acinetobacter spp has become a therapeutic 
challenge. In this study, the phenotypic confirmation of the MBL 
production  was done by different methods.

Method:  The isolates were screened for metallo-beta-lacta-
mase production by using imipenem. All the imipenem resistant 
isolates were further subjected to a phenotypic confirmation by 
the combined disk method, the double disk synergy test and the 
modified Hodge test. The results were analyzed and tabulated.

Results: Of the total 200 isolates, 124(62%) were of P. aerugi-
nosa and 76(38%) were of the Acinetobacter spp. Out of the 200 
isolates, 28 (19(68%)-  P. aeruginosa  and 9(32%)- Acinetobacter 
isolates were found to be MBL producers by the combined disk 

test which used imipenem and EDTA , by the double disk syn-
ergy test and by the modified Hodge test. But the combined 
disk test which used ceftazidime detected only 25 out of the 28 
MBLs. 

Conclusion:  The results of our study showed that the com-
bined disk test which used imipenem, the double disk synergy 
test and the modified Hodge test, all had equal sensitivity. But 
when the ease of the performance and the interpretation of the 
results  were considered cost effectively, the combined disk test  
was found to be a more feasible option than the other tests. 
Overall, these tests can be done easily as they are less laborious 
and are cost – effective. Hence, the routine testing of the met-
allo beta-lactamase producers is of great value, in order to take 
measures to advocate a proper antibiotic policy and also to take 
effective steps  for controlling their spread worldwide.
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InTROduCTIOn
The mechanisms of bacterial resistance are complex, varied and 
not completely understood [1]. In the past two decades, the clini-
cal microbiologists  have been finding it difficult  to test the anti-
biotics against many of the common pathogens.The reason be-
ing the emergence of the increasing resistance to the betalactam 
group of drugs which include the carbapenems, apart from the 
indiscriminate use of antibiotics. 

The carbapenems (imipenem, ertapenem and meropenem) are 
the mainstay of treatment for serious infections which are caused 
by non fermenting bacilli like Pseudomonas aeruginosa, Acineto-
bacter spp, etc.   

The carbapenemases are diverse enzymes that vary in their abili-
ties  in hydrolyzing carbapenems and other betalactams. Hence, 
their detection is a crucial issue because they often show an 
extensive and sometimes a total antibiotic resistance. The more 
resistant organisms like the strains of Pseudomonas and Acineto-
bacter spp.   have acquired the resistance from the Enterobacte-
riaceae [2].  The plasmid mediated carbapenemases pose more 
danger than the chromosomal mediated carbapenemases. The 
carbapenemases belong to the molecular classes, A, B and D. 
The class B enzymes (Bush group 3) are metallo betalactamases 
(MBLs). The MBLs hydrolyze almost all the betalactam antibiot-
ics. The MBLs typically hydrolyze carbapenem efficiently, but they 
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are inhibited by chelating agents such as EDTA.  

The MBL activity can be detected by both phenotypic and ge-
notypic methods. Different studies have used different methods 
according their feasibility. Though the molecular methods are 
highly sensitive and specific, their use is limited only to the re-
search laboratories. The phenotypic methods being simple, sen-
sitive, economical and reliable, they can be routinely  performed 
in microbiological laboratories.  Several phenotypic methods are 
available for the detection of the MBLs which are  produced by 
bacteria. Most of these methods are based on the ability of the 
metal chelator (EDTA) and the thiol based compounds to inhibit 
the enzyme activities [3].

The spread of the MBL genes from Pseudomonas aeruginosa to 
Enterobacteriacea is posing a difficulty in selecting the antibiot-
ics  for controlling serious infections like septicaemia, pneumonia, 
etc,. Thus, in order to control the spread of resistance, the de-
tection of MBL is of prime importance. This study was aimed  at 
detecting the MBL producing Pseudomonas aeruginosa as well 
as members of the Enterobacteriaceae family. 

MATeRIAlS And MeThOdS 
The study period and the clinical samples - A total of 200 samples 
(from the patients who were admitted to the Bapuji and the Chiga-
teri Government Hospital, Davangere) which included  blood, urine, 
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and  it was incubated overnight. The presence of a distorted zone 
of inhibition was interpreted as a positive result.  

ReSulTS
Out of the  200 samples which were collected, 112(56%) were 
from males and 88(44%) were from females. Of the 200 samples, 
124(62%) were of Pseudomonas and 76(38%) were of Acineto-
bacter. 36(18%) of them showed resistance to Imipenem (screen 
positives). But when they were subjected to various phenotypical 
confirmatory methods, we  found that a total of 28 (78%)  were 
MBL producers. This result indicated that 14% of all the isolates 
(200) were MBL positives. The details of the organisms and the 
MBL production and the methods which were used  have been 
shown in the tables below [Table/Fig-1], [Table/Fig-2], [Table/Fig-3] 
and   [Table/Fig-4]. 

dISCuSSIOn
Pseudomonas aeruginosa which produces metallo-β- lacta-
mases (MBLs) was first reported from Japan in 1991 [4], and 

pus , wound swabs , suction tips, catheter tips and other body 
fluids were included in this study. This study was carried out over 
a period of 11 months (from Jan 2011 to Nov 2011).The samples 
were processed as per the standard microbiological procedures 
[1].  Pseudomonas aeruginosa was identified, based on its colony 
morphology on blood agar and Mac Conkey’s agar, the oxidase 
test , its pigment production and polymyxin B (300 units) on the 
Muller Hinton agar (MHA).

Antimicrobial susceptibility testing- Antibiotic susceptibility testing 
was performed on Mueller Hinton Agar (Hi Media) by the Kirby- 
Bauer disk diffusion method according to the CLSI guidelines 
(2006). The antibiotic disks for the studies were procured from Hi 
Media, Mumbai, India. The drug disks which were tested in our 
study were, (in micrograms)- Gentamicin (10), Amikacin (30), Cip-
rofloxacin (30), Ceftazidime (30), Ceftriaxone (30), Imipenem (10), 
Polymyxin B (300), Piperacillin-Tazobactum (100/10), Cefotaxime 
(30) and Cefepime (30). The isolates which showed a zone diam-
eter of ≤13mm were considered  as resistant, those which showed 
a zone diameter of 14-15mm were considered as intermediate and  
those which showed a zone diameter of  ≥16mm were considered  
to be sensitive  to imipenem. The isolates which showed resis-
tance to imipenem were further subjected to the MBL phenotypic 
confirmation.  

Pseudomonas aeruginosa ATCC 27853 and  E. coli ATCC 25922, 
were used as the control strains, which were obtained from HI-
Media, Mumbai. 

The different phenotypic confirmatory methods which were used 
were as follows:

1. The Imipenem –EDTA combined disk method – A 10µg Imipen-
em disk was placed on a Mueller Hinton agar plate at a distance 
of 20mm from an Imipenem-EDTA disk, on a lawn culture of an 
imipenm resistant isolate.  The plates were incubated overnight at 
370 C and the zone of inhibition of the imipenem and the imipenem 
-EDTA disks were compared on the next day. If the increase in the 
inhibition zone with the Imipenem-EDTA disk was ≥ 7mm than the 
imipenem disk alone, it was considered to be MBL positive. 

2. The Ceftazidime - EDTA combined disk method - Two 30µg 
ceftazidime disks were placed on a Muller Hinton agar plate, on 
which the lawn culture of an imipenem resistant isolate was made. 
10µl of EDTA solution was added to one of them, to obtain the 
desired concentration of 750µg. The plates were incubated over-
night at 370C and the zone of inhibition of the ceftazidime and 
the ceftazidime EDTA disks were compared on the next day. If the 
increase in the inhibition zone with the ceftazidime-EDTA disk was 
≥ 7 mm than the ceftazidime disk alone, it was considered to be 
MBL positive.

3. The Imipenem- EDTA double disk synergy test (DDST) – A 10 
µg imipenem disk was placed  at 20 mm centre to centre from a 
blank disk which contained 10ul of 0.5 molar EDTA (750 µg). After 
an overnight incubation at 370C, the enhancement of the zone of 
inhibition around the imipenem EDTA disk in comparison with the 
zone of inhibition on the far side of the drug was interpreted as 
positive for MBL production.

4. The Modified Hodge test - E. coli ATCC25922 was inoculated 
on to a MHA plate as per the CLSI guidelines. The test organisms 
were heavily streaked from the centre to the periphery of the plate. 
The plate was allowed to stand for 15 minutes at room tempera-
ture. A 10 µg imipenem disk was placed at the centre of the plate 

[Table/Fig-1]: Organism wise distribution of  MBL producers

[Table/Fig-2]: No and % of MBL positives in various samples

[Table/Fig-3]: Showing MBL positives by different methods

[Table/Fig-4]: Photograph showing Modified Hodge Test. Distorted zone of 
inhibition is seen around the Imipenem disk at the center

Organism no,% MBl producers(28)

Pseudomonas aeruginosa 124(62%) 19(68%)

Acinetobacter spp 76(38%) 9(32%)

source no MBl positive  no, %

Urine 81    4, (14%)

Pus 51    13, (46%)

Blood 23    1, (4%)

Sputum 34    2, (7%)

ET/ST 11    8, (29%)

tOtal 200    28(14%)

Method Pseudomonas (19, 68%) acinetobacter (9, 32.%)   

CDT(CA-EDTA)    17(60.71%)    8(28.57%)

CDT(I-EDTA)    19(67.85%)    9(32.14%)

DDST(I&EDTA)    19(67.85%)    9(32.14%)

MHT    19(67.85%)    9(32.14%)

total (28)       
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confirmed MBL positives. Three different methods (CDT, DDST, 
MHT) gave consistent results, whereas a slightly different result 
was given by CDT which used ceftazidime. The reason could be 
that the MBL producing organisms  had other ceftazidime resis-
tance mechanisms. Such strains will not show MBL production 
[18].  Many, including Arakawa et al,. have suggested that the 
combined disk test was superior to the double disk synergy test. 
The major drawback of DDST was the subjective interpretation 
of the results at times [19]. But our study showed both of them 
to be equally effective in detecting the MBLs. It has been sug-
gested that the selection of the optimal MBL screening method 
be based not only on the bacterial species, but also on the strains 
which are collected and the local prevalence of the MBL produc-
ers [20,21]. 

When all the 28 isolates were tested for their susceptibility pat-
terns by using the Mueller Hinton Agar, both Pseudomonas and 
Acinetobacter showed 94%, and 96% resistance  to the fluo-
roquinolones respectively and 92% and 100% resistance to the 
aminoglycosides. An increased level of resistance was also seen 
by Prajapathi et al,. [22]. In our present study, we also noted that 
the isolates showed 78% resistance to cefepime and 61% resis-
tance to piperacillin-tazobactum. A similar pattern was observed 
by Behera et al,. With the MBLs showing  an increased resistance 
pattern to a variety of commonly used and effective drugs, one 
is left with a very minimal choice of drugs for the treatment of the 
severe infections which are caused by these organisms.

COnCluSIOn

To conclude, the results of our study showed that the combined 
disk test and the double disk synergy test were equally effective 
and that they were at par with the modified Hodge test which was 
commonly used as a final confirmatory test, apart from the E-test 
and molecular based methods. Many studies have proved that 
the MBL E-test and the combined disk test had equal sensitivity. 
As the E-test is highly expensive, CDT, which is rather economical 
and easy to do, can be routinely implemented. DDST and MHT 
can also be used to corroborate the results .Our study results 
give a warning regarding the serious scenario of the MBLs. This 
also points towards the implementation of a strict intra-institu-
tional antibiotic policy and infection control measures to limit the 
spread of these MBLs globally.
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