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ABSTRACT

Introduction: Metallo-beta-lactamase (MBL)-producing 
Acinetobacter is a therapeutic challenege all over the world. 
The aims of this study were to determine the prevalence of 
MBL genes and evaluate the antimicrobial susceptibility pro-
file of carbapenem non-susceptible isolates of Acinetobacter. 
Material and Method: During a period of 12 months (No-
vember 2012 to October 2013) 94 isolates of carbapenem 
non susceptible Acinetobacter were collected from different 
clinical specimens. All isolates were tested for antimicrobial 
susceptibility by Kirby-Bauer disk diffusion method. Car-
bapenem non-susceptible isolates were further screened for 
production of MBL by DDST, CDT with Imipenem, Mero-
penem and EDTA,Etest and were then subjected to PCR for 
detection of MBL genes.
Result: Among 94 Carbapenem (resistant to either or both 
Imipenem and Meropenem) non-susceptible isolates of 
Acinetobacter 25 (26.59%) were found to be MBL producers. 
Of 25 MBL-producing isolates, 24% carried the bla(IMP) 
gene and 76% carried the bla(VIM) gene. All MBL-produc-
ing isolates were multidrug resistant. 
Conclusion: Our study was intended to find out the prev-
alence of MBL in Acinetobacter (26.59% of total carbap-
enem resistant isolates). All the MBL producing isolates 
were resistant to almost all the group of drugs except Tige-
cycline(100% sensitivity).This indicate that generally MBL 
producing isolates carry multidrug resistant integrons.
Hence,identification and AST of MBL producing Acineto-
bacter is essential for proper prophylaxis.
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INTRODUCTION

One of the most important hospital pathogen which has 
been added recently to the Infectious Diseases Society 
of America’s dangerous pathogens hit-list is A.bauman-
nii.1 The combination of its environmental resilience 
and its wide range of resistance determinants renders it 
a successful nosocomial pathogen.2

Among various species of Acinetobacter, A. baumannii 
(AB) accounts for about 80% of infections.It acts as an 
opportunistic pathogen in humans, affecting immuno-
compromised patients.Thus it is becoming increasingly 
important cause of nosocomial infection.A.baumanni 
infections typically occur in critically ill, hospitalized 
patients.Community-acquired infections are more 
common in tropical climates.3

Acinetobacter can survive on dry surfaces for up to a 
month and are commonly carried on the skin of health 
care workers. As a result this increases the chances of 
patients being colonized and medical equipment being 
contaminated. Infact A. baumannii first received huge 
attention when severe wound infections, burn wound 
infections and osteomyelitis were reported in soldiers 
who had major injuries during military operations in 
Iraq or Afghanista. They were then send back to the 
USA or the UK. These isolates were often MDR. It was 
assumed that the organism might have been inoculated 
at the time of injury. The source might be skin or con-
taminated soil. However, it is now considered that the 
soldiers acquired their infecting organism during emer-
gency care at field hospitals or following cross-trans-
mission during their hospitalization in military hospi-
tals.4

Acinetobacter can acquire new mechanism of resist-
ance via plasmids, integrons, and transposons. Many 
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outbreak strains of A. baumannii have a class 1 inte-
gron. Acinetobacter produces various enzymes for de-
grading antibiotics. Genes coding for these enzymes 
passes from cell to cell via plasmids, integrons, and 
transposons. Mutated genes can also be acquired from 
other bacteria.5

Way back in 1993 there was only one reported case 
of transferable MBL. Over last 2 decades the cases of 
MBL production in Acinetobacter has increased signif-
icantly. MBL open the β-lactam ring with the help of a 
metal cofactor. It can degrade all classes of β-lactams 
except monobactams. The MBLs were discovered in 
the mid-1960s.They were initially regarded as resist-
ance determinants of low clinical importance, com-
pared to serine-β-lactamases. For, they were detected in 
only a few species of minor pathogenic potential (e.g., 
Bacillus cereus, Stenotrophomonas maltophilia, some 
Aeromonas species, a cluster of strains of Bacteroides 
fragilis, and some flavobacteria). That view changed 
completely with the appearance of acquired MBLs in 
late eighties. IMP-1 was the first acquired MBL to be 
identified. It was discovered in the early 1990s (late 
eighties) in Japanese hospitals in carbapenem-resist-
ant isolates of Serratia marcescens, P. aeruginosa, and 
other gram-negative pathogens. Initially it was thought 
that acquired MBLs encoded by genes carried on mo-
bile DNA elements, among major gram-negative path-
ogens, including members of the family Enterobacte-
riaceae, Pseudomonas aeruginosa, and Acinetobacter 
species is an isolated problem being reported only from 
Japan in a negligible number of cases. But during the 
past decade the MBLs has spreaded all over the world 
rapidly and the cases are rising.6 The present study 
aims to determine the prevalence of MBL producing 
Acinetobacter in a tertiary care teaching hospital.

MATERIAL AND METHOD

The strains of Acinetobacter were collected from clin-
ical samples including pus,urine,blood,endotracheal 
aspirate ,other body fluid (i.e. sputum,peritoneal fluid 
etc), swab (i.e swab from pus,wound,throat swab etc).
The MIC of Imipenem & Meropenem were determined 
by broth dilution method.7 The isolates that had an MIC 
>8µg/ml were considered as carbapenem resistant.8 
Any isolate of Acinetobacter that were either or both 
resistant to Imipenem or Meropenem were screened for 
MBL production.All 94 isolates were non duplicate.
The strains were stocked in 16% glycerol broth at -20 
0C.
Control strain used: P. aeruginosa ATCC 27853

Preparation of EDTA
A 0.5 M EDTA solution was prepared by dissolving 
93.05 gm of disodium EDTA. 2H2O(HiMedia Labs), 
in 500ml of distilled water.9 Ph was adjusted to 8 by 
adding NaOH. The mixture was sterilized by auto-
claving.10 µl of 0.5M EDTA was added to Imipenem 
and Meropenem disc and Blank disc, dried and stored 
at -200C for further use. It was seen that EDTA discs 
retained its efficacy till 16 weeks. EDTA solution can 
also be stored at -200C. But adding EDTA during every 
test is a cumbersome process. Hence,we had prepared 
the discs ,stored and had used them within 16 weeks.
Imipenem (IMP)-EDTA combined disc test:
The IMP-EDTA combined disk test was performed as 
described by Yong et al, 2002.9 Test organisms was in-
oculated on to Mueller Hinton agar as recommended 
by the CLSI (M100-S22).8 One 10 μg Imipenem disks 
(Himedia) and one Imipenem EDTA disc was placed. 
Opacity was adjusted to 0.5 McFarland opacity stand-
ards. The inhibition zones of the Imipenem and Imipe-
nem-EDTA disks was compared after 16 to 18 hours of 
incubation in air at 35°C. In the combined disc test, if 
the increase in inhibition zone with the Imipenem and 
EDTA disc was ≥ 7 mm than the Imipenem disc alone, 
it was considered as MBL positive.

Meropenem EDTA combined disc test 
The MRP-EDTA combined disk test was performed 
as described by Walsh et al, 200510 & Varaiya et al, 
2008.11 Test organisms was inoculated on to plates with 
Mueller Hinton agar as recommended by the CLSI 
(M100-S22).8 One 10 μg Meropenem disks (Himedia) 
and one Meropenem EDTA disc was placed. Opac-
ity was adjusted to 0.5 McFarland opacity standards. 
The inhibition zones of the Imipenem and Meropen-
em-EDTA disks was compared after 16 to 18 hours of 
incubation in air at 35°C. In the combined disc test, 
if the increase in inhibition zone with the Meropenem 
and EDTA disc was ≥ 7 mm than the Meropenem disc 
alone, it was considered as MBL positive.
Imipenem-EDTA double disc synergy test (DDST):
This test was performed as described by Lee et al, 
2003.12 Organisms were inoculated on to plates with 
Mueller Hinton agar as recommended by the CLSI 
(M100-S22).8 An Imipenem (10 μg) (Himedia) disc was 
placed 20 mm centre to centre from another EDTA(750 
ug) disc. Opacity was adjusted to 0.5 McFarland opac-
ity standards. Enhancement of the zone of inhibition 
in the area between Imipenem and the EDTA disc in 
comparison with the zone of inhibition on the far side 
of the drug was interpreted as a positive result.
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MBL Epsilometer test
The isolates found to be producing MBL was further 
tested by MBL E Test strip (Himedia).The strip is coat-
ed with mixture of Imipenem+ EDTA on upper half 
with highest concentration tapering downwards and 
the lower half is coated with Imipenem in a concen-
tration gradient in reverse direction. When the ratio of 
the value obtained for Imipenem (IPM): the value of 
Imipenem + EDTA (IPM+EDTA) was more than to 8 
or if zone was observed on the side coated with Imipen-
em+EDTA and no zone is observed on the opposite the 
side coated with Imipenem the isolate was considered 
as MBL positive.

Polymerase Chain Reaction for detection of MBL 
genes
Amplification
The presence of bla IMP,bla VIM and bla NDM gene 
was tested in all the 25 test isolates. The primer se-
quence used was as given in below Tabular.
Polymerase chain reaction was carried out in 50 µl re-
action mixture containing 5 µl template,1 µl forward 
primer, 1 µl reverse primer, 25 µl PCR buffer (con-
taining dNTPs, Taq polymerase). Samples were then 
subjected to initial denaturation at 950 C for 3 minutes, 
followed by 30 cycles of 950C for 30 seconds, 450C for 
1 minute for VIM and 660C for IMP gene, 720C for 1 
minute and a final extension at 720C for 10 minutes to 
complete the elongation of the PCR intermediate prod-
ucts. For detection of NDM gene amplification was 
carried out under the following thermal cycling condi-
tions: 10 min at 94°C; 36 cycles of amplification con-
sisting of 30 s at 94°C, 40 s at 52°C, and 50 s at 72°C; 
and 5 min at 72°C for the final extension. Isolates posi-
tive for metallo beta lactamase production was found to 
be carrying either VIM or IMP.NDM was not detected 
in any of the isolates.

Gel Electrophoresis
The PCR products were analyzed by electrophoresis in 
1.0% agarose gel to detect specific amplified product of 
432 bp , 500 bp and 660bp by comparing with stand-
ard molecular weight marker of 100 base pair (DNA 
ladder). The amplified products of the study samples 

were visualized by trans-illuminator, photographed by 
a digital camera and transferred to computer data for 
labeling and storage.

Antibiotic susceptibility Testing
Antimicrobial sensitivity was performed on Muel-
ler Hinton agar plates by Kirby-Bauer disk diffusion 
method according to CLSI full guidelines (Clinical and 
Lab Standards Institute (CLSI, 2012).8 Following anti-
biotic disks(Hi media, Mumbai, India) were used Cip-
rofloxacin-5 µg,Levofloxacin 5 µg ,Gentamicin-10 µg, 
Amikacin-30 µg, Tobramycin-10 µg, Ceftazidime-30 
µg,Ceftazidime Clavulanic acid 30/10 µg, Piperacil-
lin100 µg,Piperacillin tazobactam 100/10 µg,Cefepime 
30 µg, Imipenem-10 µg, Meropenem-10 µg, Tigecyclin 
15 µg. P. aeruginosa ATCC 27853 was used as control. 

RESULT

MBL producers were found in lesser number in females. 
But the percentage of MBL production among the car-
bapenem resistant isolates is more in female patients 
having Acinetobacter baumanni infection (42.85%). 
No cases of MBL production in female patient is re-
corded in Acinetobacter lwofii and Acinetobacter sp. 
infection. Highest percentage of MBL production in 
male patient is seen in case of Acinetobacter sp. infec-
tion(37.25%). Overall percentage of MBL production 
seen in A.baumanni is 31.14%,in A.lwofii 15% and in 
A.sp. 23.07%.
In the study 26 pus, 34 Endotracheal aspirate, 09 spu-
tum, 05 urine,16 blood and 04 other sample including 
wound swab,necrotic tissue and body fluid were in-
cluded.Acienetobacter baumanni was mostly found in 
ET aspirate followed by blood. Acienatobacter lwofii 
and Acinetobacter sp. was mostly isolated from pus 
sample.
Among the MBL producer Acinetobacter the highest 
sensitivity was found towards Tigecyclin(Resistance 
=0%) followed by Gentamicin and Tobramycin(Re-
sistance 68%).100% resistance was shown against 
Meropenem, Ceftazidime and Piperacilin.
Discussion: Carbapenems have a broad spectrum of 
antibacterial activity.Hence,they are often used as a 

Target gene Primer sequence Amplicon size Reference
Forward Reverse

IMP GTTTATGTTCATACWTCG GGTTTAAYAAAACAACCAC 432 13
VIM TTTGGTCGCATATCGCAACG CCATTCAGCCAGATCGGCAT 500 13
NDM GGTGCATGCCCGGTGAAATC ATGCTGGCCTTGGGGAACG 660 14
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ducing nonfermentors are numerous.The results vary 
all over the country. The prevalence of metallo beta 
lactamase producers among carbapenem resistant iso-
lates(Resistant to either or both Imipenem and Mero-
penem) in the present study was found to be 26.59%. 
In 2010 a study from Vellore Christian Medical college 
reported 42.6% MBL production which is much high-
er compared to the present study.15 Some other studies 
reported 33.33%16, 50%17, 20%18, 41.2%19, 55%20 and 
72.72%.21 The difference in prevalence can be attrib-
uted to conditions under which they were tested and 
heterogenous nature of MBLs.
In the present study Endotracheal aspirate comprised 
for the majority of specimen followed by pus,blood,u-
rine,sputum and other sample.This study is different 
from the study by Ranjan et al, 2014 where the major-
ity of specimen included was pus (48.28%)22 and the 
study done by Wankhede et al,2011 where the majority 

Total num-
ber of Male 

patient 
included

No of MBL 
p roduced

Percentage Total 
number 

of Female 
patient 

included

No of MBL 
produced

Percentage

Acinetobacter baumanni 40 10 25% 21 09 42.85%
Acinetobacterlwofii 17 03 17.64% 03 00 00%
Acinetobacter sp. 08 03 37.5% 05 00 00%
Total 65 16 24.61% 29 09 31.03%

Table-1: Sex wise distribution of MBL producers

Abaumanni A.lwofii A.sp. Total
MBL Non MBL MBL Non MBL MBL Non MBL

PUS 03 11 03 05 00 04 26
Endotracheal aspirate 09 17 00 03 3 02 34
Sputum 02 03 00 03 00 01 09
Urine 01 03 00 00 00 01 05
Blood 04 08 00 04 00 00 16
Others 00 00 00 02 00 02 04
Total 19 42 03 17 03 10 94

Table-2: Distribution of specimen

Antibiotics MBL pos-
itive(25)

MBL Neg-
ative(69)

Imipenem 20(80%) 40(57.97%)
Meropenem 25(100%) 58(84.05%)
Ceftazidime 25(100%) 69(100%)
Ceftazidime clavulanic acid 24(96%) 54(78.26%)
Piperacillin 25(100%) 69(100%)
PiperacillinTazobactam 24(96%) 54(78.26%)
Cefepime 21(84%) 55(79.71%)
Tobramycin 17(68%) 45(65.21%)
Gentamicin 17(68%) 45(65.21%)
Amikacin 20(80%) 42(60.87%)
Ciprofloxacin 24(96%) 54(78.26%)
Levofloxacin 20(80%) 49(71.01%)
Tigecylin 0(00%) 00(00%)
Table-3: Antibiotic Susceptibility Pattern of both MBL 

positive and Negative Acinetobacter (n=94)

Organisms blaIMP blaVIM
Acinetobacterbaumanni 6 13
Acinetobacterlwofii 0 3
Acinetobacter sp. 0 3
Total 06(24%) 19(76%)
Table-4: Distribution of various genes in the MBL pro-

ducers(n=25).

last resort in treatment.These are resistant to hydroly-
sis by most β-lactamases including extended spectrum 
β-lactamases (ESBL) and AmpC β- lactamases.There 
has been an increase in reports of carbapenem resist-
ance in Acinetobacter species and P. aeruginosa world-
wide.
In India the studies done on metallo beta lactamase pro-



INTERNATIONAL JOURNAL OF CONTEMPORARY MEDICAL RESEARCH  Volume 2 | Issue 4|

Nandy et al.	 Molecular Characterization of Metallo Beta Lactamase 885

of specimen was wound swab(44.11%).23

The isolates included in this study were taken from 65 
male patient and 29 female patient. The male to female 
ratio is 2.24:1. This is comparable with studies done by 
Javaiya et al, 2008 who showed the male female ratio 
to be 2:1.24 The percentage of MBL production in fe-
male is 31.03% % which is slightly higher than in male 
patients (24.61%).
The genes detected in the present study are bla IMP and 
blaVIM. No other gene were detected in the present 
study. Among 25 MBL producer majority of the iso-
lates had VIM gene.19 Only 06 IMP gene were detect-
ed. A study from Mahatma Gandhi Institute of Medical 
Sciences, Sevagram, Wardha, Maharashtra reported 
bla-VIM MBL gene only in 7 (16.28%) of the 43 screen 
test positive.25 Another study from Pondicherry Uni-
versity reported only bla-IMP-1 in 42% (23 isolates)of 
A. baumannii.26

In Acinetobacter Tigecyclin was found to be 100 % 
effective and next most effective drug were Tobra-
mycin and Gentamycin(Sensitivity=32%).Among the 
Quinolones Levofloxacin was more effective compared 
to Ciprofloxacin.100% resistance was seen against 
Ceftazidime,Meropenem and Piperacillin. In the study 
by John et al, 2011 the sensitivity towards Tigecyclin 
was reported to be 100% and the resistance towards 
Netillimycin and Pieperacillin was 61.5% & 100% re-
spectively.27 The present study is in accordance to this 
findings.However it differed in case of Gentamycin 
(John et al, 201127 reported 100% resistance) and Ami-
kacin(John et al, 201127 reported 56.7% resistance).
In this study it was seen that all MBL producing Acine-
tobacter showed aminoglycoside resistance. In Acine-
tobacter the most effective aminoglycoside was Tobra-

mycin and Gentamycin. Amikacin was found to be the 
least effective drug in case of Acinetobacter MBL pos-
itive isolates. None of the MBL producers were sensi-
tive to all the aminoglycosides. All the MBL producers 
showed some kind of resistance mechanism towards 
aminoglycosides. This hints that these organisms carry 
multiple resistance genes which makes the therapeutic 
options very limited.

CONCLUSION

Our study was intended to find out the prevalence of 
MBL in Acinetobacter which we found to be 26.59% 
of total carbapenem resistant isolates. Our study and all 
other studies also indicate that generally MBL produc-
ing isolates carry multidrug resistant integrons.Infact 
the only drug that showed 100% susceptibility towards 
MBL producing isolates was Tigecyclin.Hence,identi-
fication and AST of MBL producing Acinetobacteris is 
essential for proper prophylaxis.
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