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Abstract: Problem statement: Metallo Beta Lactamse (MBL) producing bacteria is gradually
increasing throughout the globe. There is no report of MBL producing bacteria from the city of
Kolkata so far although it is a very big metropolice city in India. Thus this study was aimed to
investigate the impact of this highly virulent group of bacteria in this city. Approach: In this
experiment we studied the prevalence, following standard methods of isolation and identification
techniques of these bacteria from clinical materials and also studied some characteristics and clinical
data in relation to MBL producing bacterial infections in this locality. Results: It was seen that a high
prevalence of MBL producing bacteria was present in this city and there were many differences
between MBL producing bacterial infection in comparison to the MBL non producing bacterial
infection, particularly in relation to age distribution, sex predominance, mortality rate, hematological
changes, nature of primary diseases in which infection occurred. There were also some electron
microscopic morphological alterations in MBL positive bacterial isolates. Conclusion: This study
confirmed significant occurrence of MBL producing bacterial infections in Kolkata showing distinct
clinic microbial changes in this type of infection.
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except monobactams and are not inactivated by beta
lactamase inhibitors like clavulanic acid, sulbactam and
tazobactam (Daoud et al., 2008). The most useful and
widely accepted classification of beta lactamase is
Ambler (1980) classification that divided beta
lactamases into four classes- A, B, C and D, where
MBL is the class B beta lactamase. Bush (1989)
further classified MBLs according to their functional
properties into a separate group i.e., Group 3. This
classification is based on the mechanism of action of
the enzyme towards substrate, their sensitivity to
EDTA and lack of inhibition by serine beta lactamase
inhibitor. Five different types of MBLs whose prevalence
are increasing rapidly are IMP, VIM, SPM, GIM
and SIM (Luzzaroa et al., 2004; Walsh et al., 2005;
Sadar et al., 2005), among them IMP and VIM are
most predominant (Senda et al., 1996).
New subtypes of IMP and VIM are constantly being
reported and recently 11
subtypes of VIM and 21
subtypes of IMP have also been studied (Lagatolla et al.,
2004; Poirel et al., 2000). IMP-1 was first identified in
P. aeruginosa
and Acinetobacter spp. in Japan

INTRODUCTION
In India treatment of intensive care unit patients is
becoming difficult due to upsurge of carbapenemases in
Gram
negative
bacteria
belonging
to
Enterobacteriaceae. Carbapenems, most specifically
Imipenem and Meropenem have been considered as the
most potent beta lactams against Multi Drug Resistant
(MDR) Gram negative bacteria. But extensive and
sometime unnecessary use of the carbapenems, poor
sanitation and large population has facilitated the
emergence of carbapenem resistant bacteria. Two types
of carbapenem hydrolyzing enzymes are there, one is
serine beta lactamase (having Serine at their active site)
and other is Metallo Beta Lactamase (MBL), containing
metal ion that works as a cofactor for enzyme’s activity
(Bush, 1999; 2001). Throughout the world bacteria like
Serratia
marcescens,
Klebsiella
pneumoniae,
Citrobacter freundii, Pseudomonas aeruginosa,
Pseudomonas putida, Acinetobacter spp. and
Alcaligens xylosoxidans are generally noted as MBL
producers. MBL can hydrolyze all metallo beta lactams
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and 10-25 mm apart a blank filter study disc was placed
to which 0.5 M 5 µL EDTA solution was added,
another Imipenem disc was placed on the far side. The
zone of inhibition around Imipenem disc if expands
towards EDTA disc, compared to the other Imipenem
disc, placed on the far side, could be interpreted as a
positive result (Lee et al., 2003). The same test was
done with Meropenem disc and Ceftazidime disc with
2 µL of concentrated 2-mercaptopropionic acid also.

(Lauretti et al., 1999). Carbapenems are most potent
beta lactams against beta lactamase producing bacteria
but carbapenem resistance are increasing among
Enterobacteriaceae, P. aeruginosa and in Acinetobacter
spp. The common reasons for resistance may be due to
the mutation of efflux pumps so that drug cannot
penetrate through them, or hyper production of an
AmpC type beta lactamase and other beta lactamases
(Walsh et al., 2005). Metallo beta lactamase producing
Gram negative bacteria often exhibit resistance to
additional classes of drugs and behave as multi-drug
resistant bacteria (Lee et al., 2005). This study was
aimed to find out the characteristics and nature of MBL
producing bacterial infection towards the patients of
some Kolkata hospitals along with their structural
alteration.

Confirmation of MBL by E-test: It is the most
sensitive test to detect MBL production. Bacterial
suspension of 0.5 McFarland was spread on MH agar
medium by sterile swab stick. Then E-test strip which
contains double sided seven dilution range of Imipenem
(4-256 µg mL−1) and seven dilution range of Imipenem
(164 µg mL−1) with fixed concentration of EDTA, was
placed on the surface of the medium and the plates were
incubated at 35°C in air for 16-24 h. After incubation the
ratio of MIC values of Imipenem to Imipenem-EDTA
was calculated. If it is greater than 8, then the strain
could be recorded as MBL producing strain. The
extended zone between the junction of IMP and IMPEDTA is called as phantom zone. If phantom zone
appears, then it was also be counted as positive result
(Walsh et al., 2002).

MATERIALS AND METHODS
Collection of Gram negative bacilli from ICCU and
ITU: Over a 6 month period Gram negative bacterial
species were isolated from various clinical specimens
from ICCUs and ITUs of tertiary care hospitals in
Kolkata. Usual laboratory methods were done to
identify these bacterial strains as described elsewhere
(Forbes et al., 2007). Some clinical associated data
(age, sex, primary disease, mortality, associated
predisposing diseases like diabetes.) of patients along
with their consent were taken. Antibiogram of MBL
producing and non producing bacterial strains were
studied.

Study of biochemical identification parameters
of isolated microorganism: All routine tests like TSI
(triple sugar iron), citrate, urease, oxidase, catalase,
lactose, methyl red and indole were done to verify the
bacterial strains according to standard procedures
(Forbes et al., 2007).
Antimicrobial susceptibility study of isolated
microorganism with determination of MIC was done
according to CLSI guidelines.

Study of MBL Production: Currently no standardized
method for MBL detection has been proposed and
despite PCR being highly reliable and accurate, for
routine laboratory study some phenotypic methods were
followed.

Transmission Electron Microscopic (TEM) study of
isolated MBL positive bacteria: One strain of MBL
producing Pseudomonas aeruginosa were selected to see
any structural difference comparing to international
strain. In this study an international strain of
Pseudomonas-Pseudomonas aeruginosa ATCC27853
and an MBL producing Pseudomonas aeruginosa
(PH7506) were tested. Their structural differences were
noted in TEM, (FEI and TECHNAI G2). The cells were
prepared for TEM and then kept in 70% alcohol. Prior
to treatment it was dehydrated in absolute alcohol. It
was kept for 1.5-2 min after the sample was placed on
the grid. Then excess amount of the sample was
absorbed by touching blotting paper strip on the one
side of the carbon coated copper grid and was kept for
45 sec to 1 min. Similarly excess stain was removed by
blotting paper and then the cells were seen under
microscope.

Combined disc diffusion method: Two 10 µg
Imipenem discs were placed on the Mueller Hinton
(MH) media inoculated with test organism (maintaining
0.5 McFarland standards). To one of the Imipenem discs,
0.5 M 10 µL EDTA solution was added. After 16 h of
incubation at 35°C, the zone of inhibition around
Imipenem and Imipenem + EDTA discs were
compared. If the zone of inhibition of Imipenem +
EDTA discs compared to Imipenem alone is greater
than 7 mm, then the test organism can be considered as
MBL producing. This procedure for MBL detection
was done by Yong et al. (2002). The same test was
done with Meropenem and Ceftazidime discs also with
EDTA.
Double disc synergy test: Imipenem discs (10 µg) was
placed on the MH media inoculated with test organism
35
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RESULTS
Differences in studies of MBL positivity: Both
combined disc diffusion method and double disc
synergy test showed very clear result for detecting
MBL production. If we compare between the two tests
then it has been seen that both of the methods more or
less have same accuracy but one method can give most
accurate result to one type of strain while the other
method may be appropriate for some other strains. For
confirmation of MBL production in laboratory both
tests should be done simultaneously along with the Etest. E-tests give most accurate result having sensitivity
and specificity above 90%. But there is no perfect
detection method in laboratory that can detect all MBLs
other than PCR.

Fig. 1: AGE distribution of patients having infection
with MBL (+) and MBL (−) bacteria. Age in
years; A: 0-10; B:11-20; C: 21-30; D: 31-40; E:
41-50; F: 51-60; G: 61-70; H: 71-80; I: 81-90; J:
91-100.

General prevalence of MBL positive bacteria in
Kolkata: Prevalence of MBL producing bacteria was
studied and it was seen that 41.2% bacteria were MBL
positive among all isolates. Out of total Gram negative
strains were isolated, 40.20% were Pseudomonas spp. 31
and 29 % were Klebsiella spp. and E. coli respectively. It
was found that out of total isolated Pseudomonas spp.
51.28% were MBL positive, where as Klebsiella it was
36.6% and for E. coli the MBL positivity was 28.57%. In
case of MBL positive Pseudomonas spp. 45% strains
were Multi Drug Resistant (MDR), these were resistant
to
gatifloxacin,
netilmicin,
third
generation
cephalosporins and carbapenems.
Findings of TEM study: MBL positive Pseudomonas
aeruginosa were found on an average slightly longer and
thicker (average size 1.81×0.61 µm) than the
international ATCC 27853 Pseudomonas aeruginosa
(average size 1.73×0.59 µm). They contain very small
scanty vacuoles with uniform size (2-4vacuoles, average
size 0.034 µm) than those in the international ATCC
27853 Pseudomonas aeruginosa (5-8vacuoles, irregular
size,
range
0.07-0.41 µm).
MBL
positive
Pseudomonas aeruginosa also contains capsule (average
thickness 0.057 µm) with many distinct flagella.

Fig. 2: Mortality rate in diabetic and non-diabatic
patients in relation to MBL positivity
Sex predominance: The analysis of sex distribution of
patients with MBL positive microbial infections
revealed male preponderance (66.8%) and only 33.2%
patients with similar infections were females. If we
compare this with patients with MBL negative
microbial infections, then it is highly significant to note
that there is no sex predominance in this group, male
and females were both showing 50% of occurrence.

Difference between MBL positive and MBL negative
bacteria in relation to the patients suffering from
infection on the basis of clinical data: From hospital
patients various clinical parameters were collected
along with their consent.

Mortality: Among patients infected with MBL positive
Gram negative bacteria, the death percentage was
54.6% while in case of patients infected with MBL
negative Gram negative bacteria the percentage was
21.42%. About 54.16% patients infected with MBL
producing bacteria were diabetic while only 35.7%
patients having non MBL bacterial infections were
reported as diabetic. It was seen that mortality rate is
high in diabetic patients (Fig. 2).

Age distribution: Age distribution of patients having
infection with (MBL) positive organisms were mainly
belong to 61-80 years age group. However age
distribution of patients having infection with MBL
negative organisms were mainly in between 51-70
years of age (Fig. 1).
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Routine haematological parameters in infections
with MBL positive organisms: In this study the mean
Total Count (TC) in patients with MBL producing
bacterial infection was not significantly altered, when
compared to mean TC in similar patients with MBL
negative bacterial infection. The mean TC with
Standard Deviation (SD) and Standard Error Mean
(SEM) in patients with MBL positive bacterial infection
were 17919.54±20414.5±4359.6 mm−3 of blood which
was almost similar to mean TC with SD and SEM in
MBL
negative
infection
which
were
14111.36±7545.95±1608.80 mm−3 of blood (t-value =
±0.9179, the two tailed p-value is 0.3691, by
conventional criteria, this difference is considered to be
not statistically significant).
Similarly if we compare mean neutrophil
percentage in these two groups then there was also no
statistically significant difference in two groups. Mean
neutrophil percentage with SD and SEM in MBL
positive bacterial infection was 79.14±18.55±3.95%
which was almost similar to MBL negative bacterial
infection group with mean neutrophil percentage with
SD and SEM 84.41±7.77±1.66% (t-value = ±1.18, the
two tailed p value was 0.2484, this difference was also
considered to be not statistically significant).
Mean ESR with SD and SEM in MBL positive
bacterial infection were 88.72±30.21±6.44 mm h−1 and
in MBL negative bacterial infection it was
36±32.63±6.96 mm h−1 (t-value was±6.513; p-value is
less than 0.0001, this difference was considered to be
extremely statistically significant) (Table 1 and 2).

Antibiogram of MBL producing and nonproducing
Gram negative bacteria: MBL producing bacteria
were mainly isolated from ICCU and ITU and we
screened only few selected group of antibiotics which
are commonly used in critical care units in India. In this
study we screened third generation Cephalosporins;
Fluoroquinolones; Aminoglycosides; Carbapenems
(imipenem, meropenem); Aztreonam and Colistin. In
general it was found that MBL positive
microorganisms were highly resistant to all these
antibiotics in comparison to MBL negative
microorganisms (Fig. 3). MBL positive bacteria
showed almost 100% resistance to third generation
Cephalosporins
(cephotaxime,
ceftazidime,
ceftriaxone) while for MBL negative organism it is
between (23-61%). Even if we consider the newer
antibiotics like Imipenem, Meropenem, high
resistance against these antibiotics for MBL positive
bacteria were also noticed. Here 14% MBL negative
bacteria were resistant to Imipenem, while in case of
MBL positive bacteria 78.25% resistance was found.
If we look at the Quinolone group of antibiotics
(levofloxacin, ofloxacin, ciprofloxacin, gatifloxacin),
it was seen that MBL positive E. coli showed
maximum resistance (70%) against ofloxacin while
only 40% MBL non producing E. coli is resistant to
this. MBL positive Pseudomonas spp. and E. coli
showed high resistance (74-78%) to ciprofloxacin
compared to their negative counterparts (Fig. 3).

Primary disease: Among patients, infected with the
MBL producing bacteria, 31% were affected by the
Chronic Obstructive Pulmonary Disease (COPD).
Hepatic failure, cancer, cardiac disease was also
observed in 10.5% cases each. 21% cases were
suffering from pneumonia and 15.8% cases were
patients of renal failure. It was been seen that the MBL
producing bacteria can cause multi organ failure in
hospitalized patients, in hospitals of this locality 52.8%
cases of total MBL positive bacteria infected patients
multi organ failure had been observed.
Table 1: Mean, SD and SEM values of WBC counts and ESR for
patients with MBL producing bacterial infections
Mean
SD
SEM
Total WBC count (m−3 of blood) 17919.55
20448.57 4359.65
Neutrophill (%)
79.14
18.55
3.95
ESR (mm h−1)
88.73
30.21
6.44
Note: SD: Standard Deviation; SEM: Standard Error of Mean

Fig. 3: Antibiotic resistance of MBL (+) and MBL (−)
organisms; ce: Cefataxime; ca: Ceftazidime; ci:
Ceftriaxone; cf: Ciprofloxacin; m: magnex; le:
Levofloxacin; nt: Netilmicin; of: Ofloxacin; ak:
Amikacin; gf: Gatifloxacin; im: Imipenem; M:
meropenem; Pt: Piperacillin + tazobactam; at:
Aztreonam; cl: Colistin

Table 2: Mean, SD and SEM values for WBC counts and ESR in
patients with non MBL producing bacterial infections
Mean
SD
SEM
Total count (m−3 of blood)
14111.36
7545.95
1608.80
Neutrophil (%)
84.41
7.77
1.66
ESR (mm h−1)
36.00
32.63
6.96
SD: Standard Deviation; SEM: Standard Error of Mean
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patients who are not suffering from diabetes mellitus
(42%). Preventive care should be initiated in critical care
units of all hospitals to prevent MBL positive infections.
Antibiotic resistance pattern among MBL
producing and nonproducing bacteria indicates that
MBL positive bacteria are much more resistant to
antibiotics due to formation of different types of
antibiotic inactivating enzymes. Resistance pattern
against a broad group of antibiotics may indicate
formation of many such enzymes by MBL positive
group of bacteria. Thus in this way MBL producing
bacteria mostly show multi drug resistance.
Although there were no significant changes in TLC
and neutrophil percentage in between MBL positive
and MBL negative bacterial infection, however, if we
consider ESR level then there was a highly significant
change in between MBL positive and MBL negative
bacterial infection.
Further investigation is required to have a better
understanding of the epidemiology and genetic
background of MBL producing bacteria. Longer
hospital stay, prolong use of antibiotics (especially
carbapenems) are possibly the main risk factors for the
emergence of the Gram negative MBL producers
(Livermore and Woodford, 2000; Nordman and Poirel,
2002). The uncontrolled spread of MBL producers in
hospitals may hamper the treatment procedures with
increased morbidity and mortality. Regular screening
system should be established to arrest the spread of the
MBL producers and effective infection control
programs in hospitals should be developed and
maintained thoroughly.

Diabetes mellitus and MBL positive Infections:
Patients suffering from Diabetes mellitus are
commonly known to suffer from various infectious
diseases much more than the general population. In
this study 54.16% subjects belonging to MBL positive
group, were suffering from diabetes mellitus with an
average blood glucose level of 250 mg dL−1. In patient
groups infected with MBL negative bacteria only
35.7% were suffering from Diabetes mellitus. This
clearly indicates that Diabetes mellitus is an important
predisposing factor of infections caused by MBL
positive Gram negative organisms.
DISCUSSION
This study shows the prevalence and other
characteristics of metallo beta lactamase producing
Gram negative bacteria in Kolkata hospitals for the first
time. Resistance to carbapenems in Pseudomonas spp.
causing nosocomical infection has been increasing in
recent years in Kolkata hospitals indicated that those
MBLs have started to represent a countrywide problem.
From TEM study it was seen that MBL producers
have some differences on their cell size and structures
with MBL non producers. MBL producing
Pseudomonas spp. contained capsules and prominent
flagella that may indicate their mode of resistance.
In reference to of age distribution of the patients it
was observed that MBL positive organisms were
mainly isolated from infections in old age group of
patients. The age distribution in the patients followed
more or less a bell shaped pattern and there is no
multiphase distribution. This may indicate that if at all
there is a human genetic influence determining the
infection of MBL positive organism, it should belong to
a single genetic MBL locus. Affection of high age
group by MBL positive organisms may be due to their
general debilitating condition, due to senility and
senility associated cellular damage and diseases.
While discussing about sex distribution the result
indicates that male individuals are very much prone to
infections with MBL positive organisms. This may be
due to presence of some protective factors in females or
presence of some aggressive factors in males allowing
easy infection by these organisms.
Mortality rate is higher in case of patients infected
with MBL producing bacteria than that with MBL
negative bacteria. MBL producing bacteria cause more
serious type of disease that is non treatable or may lead
to death. If we consider the rate of mortality, then it was
found that among patients suffering from diabetes
mellitus having MBL positive microbial infection, were
prone to higher degree of mortality (58.3%) than in

CONCLUSION
There is a significant prevalence of MBL
producing Gram negative bacteria in patients of
intensive care units of Kolkata, which mainly affects
male patients belonging to the old age group. Mortality
of the patients infected with MBL producing bacteria is
also very high mainly due to multi organ failure. There
are also some distinct morphological feature in MBL
producing bacteria.
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