
Abstract :
Metallo-beta-lactamase producing Pseudomonas aeruginosa (P. aeruginosa) is an important emerging pathogen in the intensive care units (ICUs ) ofhealth care setups. The aim of this study was to evaluate metallo beta lactamase production in P. aeruginosa by two phenotypic methods namely combined disk synergy test (CDST - CAZ) and double disk synergy test (DDST-CAZ) along with genotypic PCR method. A total 167 isolates were of P. aeruginosawere screened for metallo beta lactamase productionby disk diffusion method using carbapenems and ceftazidime disk. Out of the 100 (one hundred)P. aeruginosastrains, which were suspected for metallo beta lactamase producers were further comparison for metallo beta lactamase production by two phenotypic method.(1) combined disk synergy test (CDST CAZ) (2) double disk synergy test (DDST CAZ) and Genotypic by PCR. Out of 100 strains77%, and 68% were MBL producers by combined disk synergy test (CDST - CAZ) and double disk synergy test (DDST- CAZ).Verona Intigron-borne metallo beta lactamase (VIM) gene was only gene detected in 29% ofthe isolates, but none ofthese were positive for Sao Paulo metallo beta lactamase(SPM) and Imipenemase (IMP) gene by Genotypic PCR method.Therefore identification of the drug resistance pattern and detection of MBL production in P. aeruginosais of great importance in the prevention and control of hospital acquired infections particularly in the ICUs.In this study it was observed that among two phenotypic methods, CDST-CAZ was superior to DDST-CAZ. Though detection of MBL gene by the genotypic method-PCR is the gold standard method, it is not possible to perform this test in most of the laboratories due to lack of the testing facility and cost.Thereforefor the prevention and control of hospital acquired infections particularly in the Intensive Care Units(ICUs)in a tertiary health center detection of drug resistance pattern and MBL production in P. aeruginosais has significant role.
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Introduction
Pseudomonas aeruginosais a common cause of hospital associated infections, including pneumonia, septicemia, urinarytractandsurgical-site infections[1].Drugresistance is much more commoninthe nosocomial isolates of P. aeruginosa.Recently Multi Drug Resistant (MDR) P. aeruginosa, hasbeen foundresistant to nearly all antibiotics including aminoglycosides, cephalosporins, fluoroquinolones and carbapenems. Consequently treatment options are narrowed down to only a few antibiotics (CDC) [1]Though carbapenems are the antibiotics of choice for several pseudomonas infections,however resistance to this novel antibiotic is also increasing worldwide. Development of carbapenem resistance in P. aeruginosais most commonly due to production of metallo-beta-lactamases (MBL).Overuse of this group of antibiotics has led to a rise inMBLproducingP. aeruginosaHammami et al.[2] In the tertiary health care centres,MBLproducingP. aeruginosais the leading cause of nosocomial infections in ICUs,Mohanasundram et al.[3] These strains are responsible for 3-7% of septicemia and 27-48%mortalityratesinthe criticallyill patients[4]The different phenotypic methods available for MBL detectionareCDST-IMP,DDST-IMP,Ceftazidime-EDTAcombineddisksynergytest(CDST-CAZ), ceftazidime-EDTA double disc synergy test (DDST-CAZ), Epsilo-meter test(E-test) and Modified hodge test (MHT), but none one of these recommended by CLSI guidelines.
Though different researchers have used either one or two or more phenotypic methods for MBL detection, Most of these methods have not been standardized.The polymerase chain reaction (PCR) is considered as the gold standard for MBL detection in P. aeruginosa.Though it is highly accurate and reliable, its accessibility is often limited to reference and research laboratories and itscost per test is very high Navneeth et al.[4]
The present study was carried out with an aim to detect MBL production inP. aeruginosaisolated fromICUin a tertiary carehospital setup. Comparative evaluation of two phenotypic methods currently in use namely CDST-CAZ and DDST-CAZ along with detection ofMBL gene production by using PCR was done.


Methods
A prospective study was carried out at G.B.Pant Institute of Post Graduate Medical Education &Research,(PGIMER)NewDelhi,atertiarycare hospitalinNorthIndia and Gut research laboratory University of Delhi,overa periodofone yearfromJanuary2016 to December 2016. One hundredsixty-seven(167) consecutive non-duplicate isolatesofP. aeruginosaisolated fromdifferent clinical samples ofpatients admitted in various ICUs were included in this study. Identification ofP. aeruginosa was done as per standard laboratory procedures Mackie et al.[5] Antimicrobial sensitivity testing was performed forall P. aeruginosa isolates using commercially available disks (HI- Media, Mumbai, India) on Mueller-Hinton agar(MHA) plates by Kirby-Bauer disk diffusion method Baur at al.[6]The following antibioticswere tested in accordance with the CLSI guidelines [7]piperacillin/ tazobactam(100µg/10µg) (TZ), ceftazidime (30µg)(CAZ), amikacin (30µg) (AK), ciprofloxacin (5µg) (CF), imipenem (10µg) (IMP), gentamicin (10µg) (GM), netilmicin (30µg) (NET), meropenem 10µg) (MEM), colistin (10µg) (CT), levofloxacin(5µg)(L),ticarcillin+clavulanic acid(75/10µg)(TC), tobramycin(10 µg) (TB) and cefepime (10 µg) (CPM). P. aeruginosa ATCC 27853 was used as a control strain. Zone of inhibition for each antibiotic was measured and interpreted according to CLSI guide lines.

ScreeningforMBLproduction.

Resistance to imipenem(IMP), meropenem(MEM) andceftazidime(CAZ)was considered as a screening test to select suspected MBL producing P. aeruginosa . The strains showing resistance either to imipenem(10ug), meropenem(10ug) or ceftazidime(30ug) or any of thetwo antibiotics or resistance toall the three antibiotics were consideredMBL producers.

ConfirmationofMBLproduction.

MBL production by P. aeruginosawas further confirmed by CDST-CAZ and DDST-CAZ method. The ceftazidime disks were supplemented with 0.5M EDTA. EthylenediaminetetraaceticAcidsolution was preparedbydissolving186.1gmofEDTAin1.0liter of distilled water. pH of the solution was adjusted to 8.0 using NaOH and sterilization of the solution was done by autoclaving. Then 10µl of this solution was added to the ceftazidime disk Yong at al.[8].

[1]Ceftazidime-EDTA Combined Disk Synergy Test (CDST-CAZ):
Principle: EDTA contains a chelating agent which removes zinc ions from the active site of the MBL enzyme. This makes the enzyme inactive and thus the organism become sensitive to carbapenems.
Procedure: Test was performed according to Galani et al. [9]
· Isolates was inoculated in 5 ml of sterile peptone water and incubated it forapproximately 30 minutes to obtain 0.5 Mc Farland's standard. Lawn culture was done on MHA plates by sterile cotton swab.
· Two ceftazidime (30µg) disc was placed on the surface of a MHA agar plate and 5 µl of prior prepared 0.5 M EDTA. solution was added to one of them and marked it as "E" 
· To obtain a desire concentration of 750µg , plate was incubated for 16 or 18 hours at 37 ˚C in ambient air.
Interpretation:
· If the zone of inhibition of ceftazidimeEDTA disc is ≥7 mm of ceftazidime disc alone was considered as MBL positive.
· P. aeruginosa, ATCC 27853 was used with each test as a negative control.


[2] Ceftazidime-EDTA Double disk synergy test (DDST-CAZ): 
Principle:EDTA contains a chelating agent which removes zinc ions from the active site of the MBL enzyme. This makes the enzyme inactive and thus the organism become sensitive to carbapenems.
1. Procedure:Performed asper Leeet al. [10].
· Isolates was inoculated in 5 ml of sterile peptone water and incubated it for 30 minutes approximately to obtain a 0.5 Mc Farland's standard. Lawn culture was done on MHA plates by sterile cotton stick swab.
· A ceftazidime (30µg) disk was placed on the surface of a MHA agar plate 20 mm centre to centre. A bank disc containing10µl of prior prepared 0.5MEDTA solution and marked as "E" 
· To obtain a desire concentration of 750µg. plate was incubated for 16 or 18 hours at 37˚C in ambient air. 


Interpretation:
· Enhancement of zone of inhibition between ceftazidime and EDTA blank disk was interpreted as MBL positive.
· P. aeruginosa, ATCC 27853 was used with each test as a negative control for better evaluation.



DetectionofMBLgenebyPCR:
MBLproducingisolateswereribotypedandscreenedforproductionofMBLgenesbyPCRusingprimersforblaIMP,blaVIMandblaSPM..DetectionofMBLgenewasperformedasdescribedbyKhosraviet.al.[11]
To perform the PCR reaction, 0.5ml of overnight grown culture was pelleted down and washed with equal volumeof sterile double distilled water and centrifuged at 12000 rpm for 5 minutes. 50 µl of washed pellet was boiled at 100ºC with 50 µl distilled water for 10 minutes. Samples were further centrifuged at 12000 rpm for five minutes and10 µl of supernatant was used as template for PCR.
For MBL gene specific PCR amplification , the PCR reaction was performed in 25 µl reaction mixturewhich contained 1mM dNTPs mix (3 µl), 5 ng/µl forward and reverse primers (2.5 µl each), 2.0 unit Taq Polymerase (MBI, Fermentas, USA), 2 µl DNA solution from P. aeruginosa(30 ng), 10x Taq reaction buffer (2.5 µl).Sterile double distilled water was added to to make the reaction mixture to 25 µl. The PCR programmeutilized the following thermal profile: 95ºC - 5 min (pre-heating);94ºC -30 sec, 52ºC-1 min, and 72ºC-2 min, (32 cycle) followed by 72ºC-10 min as final elongation step and 4ºC for storage until use. The amplified product was resolved in 0.7% Agarose gel (in Tri-Acetate-EDTA buffer) by horizontal gel electrophoresis. The presence of MBL gene specific band in amplified productlanes wasobserved in ethidium bromide stained gel on a UV transilluminator and photographed with a gel documentation system. The size of individual bands in the amplified profile was determined by comparison with a co-migrating DNA ladder (100 bp DNA ladder plus) (MBI Fermentas,USA)


PrimersusedforMBLProducinggene(IMP,VIM,SPM)duringstudy:e

Table 1:
	PrimerName
	Primersequence5'to3'('= prime)

	IMPForward
	5'GAAGGCGTTTATGTTCATAC3'

	IMPReverse
	5'GTATGTTTCAAGAGTGATGC3'

	VIM Forward
	5'GTTTGGTCGCATATCGCAAC3'

	VIM Reverse
	5'AATGCGCAGCACCAGGATAG3'

	SPMForward
	5'CCTACAATTCTAACGGCGACC3'

	SPMReverse
	5'TCGCCGTGTCCAGGTATAAC3'








AmplificationofVIMgeneinvariousisolatesofP.aeruginosa
Table 2:
	Target
Gene
	First
Denaturation
	Denaturation
	Annealing
	Extension
	Number
Ofcycle
	FinalExtension
	Base
pairs

	BlaIMP
	95˚C-5min
	94˚C-30sec
	52˚C-1min
	70˚C-2min
	32
	72˚C-10min
	587

	BlaVIM
	95˚C-5min
	94˚C-30sec
	52˚C-1min
	70˚C-2min
	32
	72˚C-10min
	382

	BlaSPM
	95˚C-5min
	94˚C-30sec
	52˚C-1min
	70˚C-2min
	32
	72˚C-10min
	600



RESULTS:
During the study period of one year, 167 strains of P. aeruginosa were isolated from culture of various clinical samples of patients admitted in the different ICUs of the hospital.They were screened for MBL production by observing their resistance to carbapenems by the disc diffusion technique. Out of 167strains, 67 strains which were sensitive to carbapenems and ceftazidime discs were excluded from the study. One hundred P.aeruginosawhich were suspected as MBL producers were included in the study for further evaluation.

TheresistancepatternofthesuspectedMBLP. aeruginosaisshowninTable3.


DistributionofCarbapenems ResistancepatternofsuspectedMBLP. aeruginosa(n=100)
Table 3.
	IMP
	MEM
	CAZ
	IMP+MEM
	IMP+CAZ
	MEM+CAZ
	IMP+MEM+CAZ
	Total

	13
	2
	6
	12
	2
	5
	60
	100


Abbreviations:IMP-imipenem,MEM -meropenem,CAZ-ceftazidime.

Sixty percent of the isolates studied were resistant to IMP+MEM+CAZ followed by13% to IMP alone,12% to IMP+MEM,6% to CAZ alone, while Two strains each were resistant to MEM and IMP+CAZ respectively.
Of the 100 isolates, maximum numbers were isolated from General Intensive Care Unit(30), followed by Neurosurgery ICUs (29), Gastrointestinal surgery ICUs (20), Neurology ICUs (10), High Dependency Unit (4) Gastrointestinal medicine ICUs (3) and CTVS ICUs (3) andLiver ICUs (1).


SuspectedMBLP. aeruginosaisolatesfromvariousclinicalsamplesisshowninTable (2)
Table 4:DistributionofP.aeruginosainvariousclinicalsamples.


	Pus
	Tracheal aspirate
	Endotr-
acheal aspirate
	Blood
	CSF
	Bile
	Body fluids
	Stent
	Arterial line tip
	Total

	27
	27
	22
	6
	6
	5
	3
	3
	1
	100




Maximum numbers of suspected MBL P. aeruginosaisolates were from pus and tracheal aspirate(27)followed byendotracheal aspirate (22),blood and CSF(6 each), Bile(5), Bodyfluids and stent (3 each)and Arterialline tip (1).

Table 5:SensitivitypatternofMBLP.aeruginosatovariousgroupsofantibiotics

	MBLP. aeruginosa
	Number

	AK
	CPM
	CF
	NET
	GM
	TB
	TC
	TZ
	L
	CT

	IMP+MEM+CAZ
	60
	12
	1
	0
	5
	5
	10
	2
	10
	2
	60

	IMP
	13
	5
	0
	1
	4
	4
	6
	1
	7
	1
	8

	IMP+MEM
	12
	11
	4
	5
	8
	9
	9
	3
	5
	7
	9

	CAZ
	6
	1
	0
	1
	0
	0
	0
	0
	0
	0
	7

	MEM+CAZ
	5
	4
	2
	2
	2
	3
	3
	2
	4
	2
	4

	MEM
	2
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0

	IMP+CAZ
	2
	2
	1
	1
	2
	2
	2
	1
	2
	0
	1

	Total
	100
	35
	8
	10
	22
	23
	30
	9
	28
	12
	89



Eighty nine percent (89%) of the suspected MBL P. aeruginosa were sensitive to colistin(CT) followed by amino-gycosidesieamikacin (AK)(35%),tobramycin(TB) (30%),gentamicin(GM) (23%) andnetilmicin(NET) (22%). Sensitivitytopiperacillinandtazobactum(TZ)andticarcillin&clavulanicacid(TC)were28%and9% respectively. Sensitivity to quinolonesLevoflox(L) was (12%),ciproflox(CF) was (10%)and cefipime (CPM)sensitivity was (8%) in the isolates.
The confirmation of MBL production was done in all 100 suspected MBL producing P. aeruginosa by two phenotypic methods namely CDST-CAZ and DDST-CAZ.
Out ofthetotal100isolates,(77%) P. aeruginosaisolateswereconfirmedtobeMBLproducersbyCDST- CAZ while (68%) were found to be positive by DDST- CAZ. 




Table6: Correlation of screening method Versus confirmatory method for MBL detection
	Test 
	Total
	IPM Resistant.
n=4
	MEM Resistant
n=2
	CAZ Resistant 
n=12
	IPM+MEM Resistant
n=7
	IPM+CAZ Resistant 
n=1
	MEM+CAZ Resistant
n=15
	IPM+MEM+ CAZ Resistant 
n=59

	VIM Gene
	29
	0
	0
	3
	3
	0
	6
	17

	CDST-CAZ
	77
	4
	2
	9
	4
	1
	12
	45

	DDST-CAZ
	68
	4
	1
	7
	3
	1
	10
	42



The maximum positivity by both phenotypic and genotypic methods was noted in above group, where three group where three drugs resistance i.e.(IMP,MEMand CAZ) was used as a screening method instead of single drug or combined drug resistance. Two phenotypic methods (CDST-CAZ and DDST-CAZ) and one genotypic method were evaluated for detection of MBL producerp.aeruginosa as both these phenotypic methods detected maximum number of MBL producer.

Correlation of the results of genotypic and CDST-CAZ and DDST-CAZ methodsis shown in Table6. 
Table 7: Genotypic Versus CDST-CAZ and DDST-CAZ methods for MBL detection
	Genotypic testn=100
	CDST-CAZ +veDDST-CAZ +ve
	CDST-CAZ +veDDST-CAZ -ve
	DDST-CAZ +ve CDST-CAZ -ve
	CDST-CAZ-veDDST-CAZ –ve

	VIM positive (29)
	18
	3
	Nil
	8

	VIM negative (71)
	47
	9
	3
	12



Out of the 29 VIM positive isolates, (18%) were positive by both the phenotypic methods while (8%) were negative by both methods. Only three isolates positive by CDST-CAZ method were found to be negative by DDST-CAZ method. 
Of the 71 VIM negative isolates, 47 were positive by both methods while 12 were negative by both methods. nine isolates positive by CDST-CAZ method were seen to be negative by DDST-CAZ method. It was further observed that three strains which were positive by the DDST-CAZ method were negative by CDST-CAZ method. 

Table 8: Comparative analysis of CDST-CAZ vs PCR for MBL detection
	S no
	Phenotypic test(100) n=100
	PCR positive
	PCR positive

	1.
	CDST- CAZ positive (77)
	21
	56

	2.
	CDST-CAZ negative(23)
	8
	15




Out of hundred suspected MBL producingP. aeruginosa, 77 isolates were found to be MBL producers and 23 non- producers by CDST-CAZ method.Among these, 77 MBL producers, 21tested positive and 56 tested negative for MBL gene by PCR.Out of the 23 no MBL producers by CDST – CAZ, 8 were positive and 15negative by PCRfor MBL gene.

Table 9:Sensitivity and specificity of phenotypic tests in comparison to PCR method for MBL detection 
	 Phenotypic test
	VIM
	Total
	Sensitivity
	Specificity
	PPV
	NPV
	Accuracy

	
	Positive
	Negative
	
	
	
	
	
	

	CDST-CAZ
	Positive
	21
	56
	77
	72.4%
	21.1%
	27.3%
	65.2%
	36.0%

	
	Negative
	8
	15
	23
	
	
	
	
	

	DDST-CAZ
	Positive
	18
	50
	68
	62.1%
	29.6%
	26.5%
	65.6%
	39.0%

	
	Negative
	11
	21
	32
	
	
	
	
	

	Total
	29
	71
	100
	
	
	
	
	



For MBL detection,CDST-CAZ (72.4%), DDST-CAZ (62.1%) was the most sensitivity method, whereas highestspecificity for MBL detection was in DDST-CAZ (29.60%) and CDST-CAZ (21.10%)



DISCUSSION:
Pseudomonas aeruginosa is a versatile nosocomial opportunistic pathogen which is often multiresistant to various antibiotics. Over the last few decades MBL producing P. aeruginosa isolates have emerged in the hospital setup leading to poor therapeutic outcome and increased mortality. So the early detection of MBL production in P. aeruginosa is crucial for the optimal treatment of critically ill patients. This would help to initiate strict infection controlmeasuresandprevent their nosocomialspread.Thepresentstudywasundertakento comparison of twophenotypic methods namely CDST-CAZ and DDST-CAZ for detection of MBL in P. aeruginosa and to correlate it with PCR which is a genotypic method.
During the study period, 167 P. aeruginosa isolated from various clinical samples were screened for MBL production by observing their resistance to carbapenemsandceftazidime discs. Out of 167, 100 isolates (59.8%) were found to be suspected MBL producers.Imipenem resistance was detected in 87%isolates and meropenem resistance in 79% while ceftazidime resistance was observed in 73% isolates. Yongweiet al.[12]reported that 51.6% of the isolates were suspected MBL P. aeruginosa by using cefazidime disc which is lowerthan thatin thepresentstudy.They alsoreportedthat73.3%of theirstrainswereresistantto imipenem and63.9 % to meropenemrespectively. Fallah et al.[13]used imipenem disc for MBL screening and found that83% of theisolates wereresistant to imipenem, a findingwhichis similar to the present study. Ahmedet al.[14] reported 25% resistance to imipenem in their P. aeruginosa isolates.
In the present study maximum numbers of suspected MBL producing P. aeruginosawere sensitive to colistin 89% followed by aminogycosides ranging from 22-35% i.e.amikacin (AK) 35%, tobramycin(TB)30%,gentamicin(GM) 23% &netilmicin(NET) 22%. Sensitivity to piperacillintazobactum(TZ) andticarcillin+ clavulanic acid (TC) were 28 %and 9%respectively.Sensitivityto quinolonesie to levofloxacin was 12%and to ciprofloxacin was 10%while cefepime sensitivitywasobserved in8%ofthe isolates. Mehtaetal.[15] intheir studyreported that in the carbapenemresistant isolates polymixin-B was the most effective antibiotic with 90% sensitivity. They also reported that sensitivity of P. aeruginosa to aminoglycosides i.e.amikacin was 6/20(30%) and gentamicin was 2/20(10%) while for quinolones ieciprofloxacin was 2/20(10%) and for piperacillin+tazobactum was 8/20(40%) andfor cefepime 2/20(10%).These findings are almost consistent with our findings. Kaliet al.[16] reported that IMP resistant P. aeruginosashowed 100% sensitivitytopolymixin B and colistin in their study. All strains were resistant to gentamicin ie 100% while 36.3% and 27.2% sensitivity was observed to netilmicin and amikacin respectively. They found a high degree of resistance to gentamicin ie 100%,and ciprofloxacin99.1 % in the P. aeruginosa isolates while 36.3 % and 27.7 % sensitive was observed to netilmicin and amikaacin respectively. In a recent Indian studybyJohn et al.[17]the resistance toimipenem,gentamicin,ciprofloxacin, netilmicin,piperacillin and amikacin amongst MBL P. aeruginosawas 77.5%, 77%, 72.1%, 67.3%, 57.7% and 56.1% respectively. Tsakriset al.[18]and De et al.[19]in their studies reported 100 % resistance to most of the drugs tested namelyall aminoglycosides, Beta-lactams and quinolones.
Dwivediet al.[20] found P. aeruginosa as the most common pathogen is23.3% of all bacteria isolatedfrom ICU infections. Theyalso found 46.7% of these isolates were resistant to piperacillin, 51.7% to ceftazidime, 47.3% to gentamicin,32% to amikacin, 47.3% to ciprofloxacin, 28.3% to piperacillin+ tazobactum, 37% to meropenem while 37.7% were resistant to imipenem. All the isolates were uniformly sensitive to colistin. Diverse resistance patterns have been described by different authors [17,18,20].These variations reflect the antibiotic practices which are followed in different regional hospitals.
The prevalence of MBL in India has ranged from 7- 65% among carbapenem-resistant P. aeruginosa. Jesudason et al.[21] from Vellore, India reported that 75% of their P. aeruginosa were MBL producers by EDTA disc synergy test. The IMP disc diffusion screening test was found to be better than CAZ and MEM for selectingprobable MBL producing strains.


In our study confirmation of MBL production was done by CDST- CAZ and DDST- CAZ.Seventy seven percent of the MBL P. aeruginosawere positive by CDST-CAZ and 68% were positive by DDST- CAZ. Total 72.5% of these isolates which were positive by both the methods. These results are well comparable to that of Reshiet al.[22] who demonstrated CDST-CAZ 97% and DDST – CAZ 92%. Neeravet al.[23] who demonstrate 85.19% MBL positive by CDST-CAZ and 44.44% MBL positive by DDST- CAZ. 

In Asia, blaIMP and blaVIM are more prevalent while blaIMP is found mainly in China,Iran, Brazil and Malaysia, [12,13,,24,&25]. Sader et al [24], found SPM -1like gene in 55.6%, VIM-2 - like gene in 30.6%and IMP-1-like gene in 8.3%ofthe P. aeruginosa intheirstudy. Khosravi et al.[25] found that of the 90 imipenem resistant P. aeruginosa, MBL genes were detected by PCR in 32 isolates namely bla IMP-4,blaIMP-7, bla VIM-2 and bla VIM 11,Yongweietal.[12]fromChina, reportedin their study that84.1% P. aeruginosa exhibited the presence of blaVIMgenes while in76.1%the presence of blaIMPgeneswere detected which corresponds to study byPitout et al.[26]..In our study 29 out of 100 isolates were positive for the presence of VIM gene which was lower than that of the above researchers while blaIMP and bla SPM genes were not detected. In a study by Manoharan et al.[27] the rate of MBL production in P. aeruginosawas 42.6%,PCR for MBL gene was performed on 48 out of their 61 isolates. Out ofthese 15 were blaVIMtype, whichwasthemostcommongenetypeblaIMPandblaSPMgeneswerealsonotdetectedbythem, which was similar to our study. 
In a study by Amudhan et al.[28] among their 61 isolates of P. aeruginosa,blaVIM gene was detected in only 36 isolates. Kali et al.[16]foundVIM - 2 gene positiveMBLP. aeruginosain their study.In another study by Castanheiraet al.[29]a total of 301 Pseudomonas isolates were collected from 10 different hospitals in India.Out of these 107 isolates were carbapenem resistant with MIC ≥ to 8 ug/ml for meropenem and imipenem. Ninety seven (97) of these isolates were P.aeruginosa. blaVIM-2 was the commonest gene type in 35 P. aeruginosa isolates followed by blaVIM 6 in 12 isolates. The other VIM genes detected in this study were VIM-5, VIM-11 and VIM-18.
In the present study, 24 out of 29 VIM positive (82.7%)P. aeruginosa isolates were detected to be MBL producers by both the phenotypic methods namely CDST- CAZ, DDST- CAZ. In three of the isolates of P.aeruginosa, only the VIM gene was detected but MBL production was not detected phenotypically by both CDST-CAZ and DDST-CAZ methods. In only two of the isolates MBL production was detected by the genotypic method and CDST-CAZ method but they were negative by DDST-CAZ. Yongweiet al.[12]reported that 84.1% of theirP. aeruginosaisolatewere MBL producers by CAZ-EDTAandtheyalsodetecteda VIM gene by PCR.
Sensitivityandspecificityof CDST-CAZ was 77% and 68% as compared to PCR which was the gold standard method in the present study. 
Thus from the present study it can beseen that both the phenotypic methods namely CDST-CAZ and DDST-CAZ had almost similar predictive values for detection of MBL production in P. aeruginosa, however while CDST detected it in 77% cases in comparison to DDST where MBL detection was observed in only 68% cases.



Conclusion

Thus, the rapid dissemination of MBL producers in the hospital setup is an important cause of morbity and necessitates the implementation not only of mere surveillance studies but also proper and judicious selection of antibiotics and its proper usage particularly carbapenems in the treatment of infections due to MDR Pseudomonas aeruginosa. Though PCR is the gold standard method for detection of MBL gene in our study but the phenotypingofMBL producingP. aeruginosa isolates bythe CDST-CAZ method remains the test of choice byvirtue of the fact that it is cheap, cost effective and can be performed easily in any laboratory setup and is devoid of visual mis-interpretations.
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FIGURE LEGENDS

1. Figure 1: MBL production by (CDST-CAZ)
2. Figure 2 : MBL production by CDST-CAZ (ATCC 27853 strain)
3. Figure3 :MBL production by (DDST-CAZ)
4. Figure 4 : MBL production by (DDST-CAZ) (ATCC strains)
5. Figure 5: Amplified VIM Geneat 382 bp
6. Figure 6: Comparative analysis of CDST-CAZ vs PCR for MBL detection
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