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ABSTRACT
The spread of metallo β lactamases in major nosocomial strains is one of the most powerful
responses against the anti-infective strategies widely used. The widespread unnecessary use
of antibiotics has helped a lot in the development of resistance in this regard. The Carbapenem
hydrolyzing β lactamases are increasingly reported world wide. The clinically significant
enzymes are currently of the IMP and VIM series in Pseudomonas aeruginosa. The enzymes
confer resistance to Carbapenems and many of the β lactam antibiotics. The resistance genes
are very rapidly spreading posing a major threat to therapeutic measures. Thus the clinical
isolation of these metallo β lactamase producers is very important. The development of simple
screening tests that are designed for detection of acquired metallo β lactamase production and
that suitable for routine use in the clinical microbiology laboratory is a critical step toward
large scale monitoring of these emerging resistance. One of such methods was used in the
present study i.e., disc diffusion method. In the present study the bacterial strains of
Pseudomonas aeruginosa were collected from clinical laboratory of Pariyaram Medical College
Kannur. Biochemical confirmation was done and antibiotic susceptibility test was performed.
Strains resistant to Ceftazidime and Imipenem were checked for MBL production using disc
diffusion method. From the 50 bacterial strains used in study, 18 of them found to be resistant
to both Ceftazidime and Imipenem. Out of 18 strains, 2 were found to MBL producers
indicating a prevalence of 11.1% in resistant strains. Thus the overall MBL producer
prevalence found to be 4 % among the sample population. Results of this study show the
prevalence of MBL producers in the population. It should be noted that spread of metallo β
lactamase producers is very rapid. Therefore earlier detection and proper antimicrobial therapy
is very much required for controlling this developing threat.
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Introduction

Though the therapeutic science has come a
long way, not everything has been plain sailing. The
invention of even wider range of antibiotics has
brought in its trail the emergence of antibiotic
resistance. Drugs have undoubtedly improved the
quality and longevity of life. However their
inappropriate and wider use, have led to the
emergence of widespread antibiotic resistance and
resistant strains causing diseases. This problem is
partly circumvented by advent of newer antibiotics
(Prabhu U.K.2002). 

β lactam family of antibiotics include many of
the most heavily used antibacterials in clinical
medicine. They are important because of its
effectiveness and generally low toxicity. The common
β lactam structure is being exploited by many drug
development groups in the search of new drugs with
improved efficacy against resistant strains. This
group of antibiotics is the drug of choice for large
number of infectious diseases. Most widely used
drugs belong to this group; β lactam antibiotics
include Penicillins, Cephalosporins, Monobactams and
Carbapenems. Since the introduction of Penicillin,
various modifications of β lactam antibiotics have
been brought in for clinical use. β lactams account
for approximately 50% of global consumption and this
heavy usage exerts considerable selection of
resistance arising in clinically significant bacteria via
modification of normal PBPs, (Penicillin binding
proteins) by-passing or normal PBPs, impermeability
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of gram-negative organism outer membrane,
production of β Iactamases (Liver More D.M.1998).

Emergency of resistance to β lactam antibiotics
began even before Penicillin, the first β lactam
developed, was released for use in medical practice.
(Abraham E.P.and Chain.E1940). The age of
penicillin saw the rapid emergence of resistance in
Staphylococcus aureus due to plasmid encoded
penicillinase, the β lactamase quickly spread among
most clinical isolates of S. aureus as well as other
species of Staphylococci (Bradford A. and Patricia
A 2000).

β lactamases hydrolyse the β lactam bond in
the β lactam antibiotics leading to the destruction of
their functionality (Prabha U.K.2002.). Each species
has its own chromosomal β lactamases and in
addition to this many isolates have secondary β
lactamases encoded by plasmids or transposons.
Bacterial strains which produce large quantities of
chromosomal β lactamases, or having secondary,
plasmid mediated enzymes and having mutant β
lactamases with extended spectrum emerged as
resistant (Livermore, 1998)

The first plasmid mediated β lactamases in
gram negative bacteria, TEM-1, was described in
early 1960s. (Datta N. & Konto Michalou P.1965)
Being plasmid mediated facilitated the spread of
TEM-1 to other species of bacteria and spread
worldwide. Another common plasmid mediated β
lactamase found in Klebsiella pneumonia and E coli
in SHV-1 (Bradford A. & Patricia A.2000).

As resistance spread, pharmaceutical chemists
have responded by developing compounds designed to
be resistant to hydrolytic action of β lactamase or by
protecting labile agents by inhibiting the β
lactamases using inhibitors (Livermore, 1998).
However with each new class that has been used to
treat patients, new β lactamases emerged causing
resistance.

Resistance to these extended spectrum β
lactam antibiotics due to β lactamase emerged
quickly. Because of their extended spectrum of
activity especially these enzymes were called
Extended spectrum β lactamases, ESBLs (Bradford,
A. & Patricia, A.2000). ESBLs emerged as a
consequence of series of mutation occurring at
distinctive sites of existing enzymes i.e., mutants of
classical TEM and SHV β lactamase types. ESBLs
are capable of hydrolyzing the newer β lactamase, but
their activity could be inhibited by β lactamase
inhibitors like Clavulanic acid Sulbactam and
Tazobactam (Prabha, U.K.2002).

Due to the broad spectrum of activity and
stability of hydrolysis by most β lactamases, the
Carbapenems, class of β lactamase antibiotic, have
been the drug for treatment of infections caused
Penicillin or Cephalosporin resistant gram negative
bacteria, (Bradely, J.S. et al., 1999). The medical
use of Carbapenems would be expected to increase,
but Carbapenem resistance has been observed in
gram negative species due to the production of
another class of β lactamase called ‘Metallo beta
lactamase’.

Now the increasing threat to the
pharmaceutical chemists is the emergence of
resistance due to metallo β lactamase enzyme. The
class B metallo β lactamases which have zinc atoms
at the active site are a group of Carbapenem
hydrolyzing enzymes (Ambler, R.P. 1980) and are
minimally inhibited by β lactamase inhibitors like
tazobactam The resistance may spread rapidly to
various species of gram negative bacilli as the MBL
genes reside in mobile gene cassettes inserted in
integrons (Bush, K, C. et al., 1993, Ohsuka, S. et
al., 1995).

An increasing prevalence of Carbapenem
resistance mediated by acquired metallo β lactamase
(MBL) is being reported particularly for Pseudomonas
aeruginosa in clinical isolates in several countries.
The rapid detection of MBL positive gram negative
bacilli is necessary to aid infection control and to
prevent their dissemination. Increasing reports of
MBL producing gram negative bacteria, especially
Pseudomonas aeruginosa, from clinical samples have
been documented. In the view of reports, the present
study was conducted with an objective to screen for
MBL producing gram negative bacilli, Pseudomonas
aeruginosa being the organism of choice, from the
various clinical samples (Fluit, A.C., & F. T.
Schmith. 1999)

Materials and Methods

A prospective study was performed using 50
Pseudomonas aeruginosa strains isolated from
different samples collected from different patients.
The strains were then confirmed as Pseudomonas
aeruginosa by using various standard microbiological
procedures and biochemical tests. Biochemical media
used were supplied by Himedia, Laboratories Pvt.
Ltd. Mumbai. The antimicrobial susceptibility pattern
of the isolated strain was obtained, using Kirby
Bauer method, on MHA according to the NCCLS
guidelines (National Committee for Clinical
Laboratory Standards.1997). 
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Strains which found to be Ceftazidime and
Imipenem resistant were then checked for the metallo
β lactamase production. 

ATCC 27853 strain of Pseudomonas aeruginosa
was used as reference strain.

Antibiotic discs used 

Discs used were supplied by Hi Media
Laboratories Pvt. Ltd. Mumbai.

Antibiotic disc Content

Ceftazidime 30 µg

Imipenem 10 µg

Chemicals

Thiol compound, which is a potent inhibitor of
metallo β lactamase, was used. Here 2-mercapto
ethanol was used as inhibitor .The chemical was
supplied by LOBA CHEMIE Pvt. Ltd.

Filter paper disc

Filter paper discs used in the study were
prepared from What mann No.1 filter papers. The
prepared discs were sterilized in hot air oven at
160° C for one hour before using.

Disc diffusion method for MBL detection

A simple disc diffusion method was constructed
for detection of metallo β lactamase producing
Pseudomonas aeruginosa.

The organism was inoculated into peptone
water and incubated at 37° C for 2-4 hours to obtain
a moderate turbidity equivalent to Mc Farland’s
standard 1. Then broth culture was inoculated into
Mueller-Hinton agar plate using sterile swabs to get
a lawn culture of the strain. Two commercially
supplied Kirby-Bauer discs of Ceftazidime, containing
30µg, were placed on the plate. Distance between two
Ceftazidime dics were kept about 4-5 cm. A filter
paper disc (What Mann No.1) was placed near one
of Ceftazidime disc with distance of 1-2.5 cm. 2-3 µl
of inhibitor, 2-mercapto ethanol, was added to filter
disc placed on the agar. Then plate was incubated at
37° C over night. Results were read on next day. 

Test for antibiotic sensitivity (Kirby-Bauer
method)

Muller-Hinton agar plates were prepared.
Using an aseptic technique, moistened cotton swabs
with the broth culture were spread uniformly over

the agar plates. One antibiotic disc using the sterile
forceps was placed and gently on the surface of the
inoculated plates. Placed the other antibiotic discs
were also placed in the same way incubated the petri
dishes at 37°C for 24 hours to 48 hours. After
incubation measured the inhibition formed around
the disc.

Preparation of Antimicrobial discs in the
Laboratory

Punch out discs of 5-6mm in diameter from a
What mann No 1 filter paper. Place the discs in petri
discs, allowing a distance of 2-4mm between each
disc. Sterilize in hot air oven at 160° C for one hour.
After allowing the discs to cool, pipette 20µl (0.02ml)
concentration of sterile antimicrobial solution on to
each discs. Dry the discs by placing the petri dishes
with lids slightly raised in a desiccators left in the
refrigerator for a few days. If desiccators not
available, dry the discs in 35 − 37° C incubator for 1
hour.

Result and Discussion

Metallo β lactamase enzyme is a class B
metallo enzymes coming under the family of β
lactamase enzymes. The mobility of β lactamase
genes associated with class 1 integrons and being
throughout bacteria is of great concern to
microbiologist and physicians. Metallo β lactamase
genes such as those of IMP and VIM series which
are distributed intergenericaliy, each conferring
Carbapenem resistance and now having reported in
wide spread geographical location. Typically these
enzymes have arisen in gram negative bacteria and
where therapeutic options are severely limited.
Detection of such enzymes would be valuable for an
epidemiological perspective and for guiding
therapeutic choices. Therefore detecting metallo β
lactamases is a valuable tool for a diagnostic
laboratory.

In the present study about 50 Pseudomonas
aeruginosa strains were evaluated. Out of 50, 18
found to be Ceftazidime and Imipenem resistant.
These were checked for MBL production and 2 of
them found to be metallo β lactamase producers
indicating a prevalence percentage of 11.1%. Thus the
overall prevalence of MBL producing Pseudomonas in
the study is 4 %. All the MBL producing strains were
isolated from pus (Table-1).
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Table-1: Percentage distribution of
Pseudomonas aeruginosa among various
clinical samples

Sample Number

Pus 30

Urine 5

Sputum 11

Throat Swab 3

Ear discharge 1

Total 50

Figure-1: Percentage distribution of
Pseudomonas aeruginosa among various

clinical samples

The results obtained from antibiotic
susceptibility test giving importance to Ceftazidime
and Imipenem resistance are given below.

Table-2: Resistance pattern to Ceftazidime
and Imipenem

Resistant Pattern Number

Ceftazidime resistant only 13

Impenem resistant only 4

Both Ceftazidime and Impenem resistant 18

Sensitive strains 15

Figure-2: Resistance pattern to Ceftazidime
and Imipenem 

Metallo beta lactamse production

Strains resistant to both Ceftazidime and
Imipenem were checked for MBL production and the
result obtained was as follows.

2 strains out of 18 resistant strains found to
be metallo beta lactamase producers, showing a MBL
prevalence percentage of 11.1% among resistant
strains.

Table-3: Percentage distribution of MBL
producers among the resistant strains

MBL activity Number

MBL producers 2

MBL non-producers 16

Total 18

Figure-3: Percentage distribution of MBL
producers among the resistant strains
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In a study conducted by (Yan J J et al 2002)
in Taiwan about 3% of isolates showed metallo β
lactamase production in gram negative bacilli which
very much coincides with the results of this study.

However it should be noted that other gram
negative bacilli were not used for this study and if
used could have altered the results. In another study
conducted by HiraKata V, et al, (1998), 8.6% of
gram negative bacilli showed metallo β lactamase
production. Out of which Pseudomonas aeruginosa
found to be major one, showing 66% among MBL
producers

Studies from different parts of the world
indicated Pseudomonas aeruginosa as the major MBL
producers and resistance is being spread among them
rapidly. This tends to be an important clinical threat.
Thus there is a need to develop a simple and specific
method to distinguish metallo β lactamase producers
from other bacteria. PCR analyses usually give
satisfactory results in detection of MBL producers,
but it is not suitable for daily testing in clinical
laboratories due to the cost factor. Therefore the
method described in this study is very helpful for
screening MBL producers in daily clinical laboratory
testing.
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