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Introduction 

β-lactamases are the primary mechanism of conferring bacterial 
resistance to β-lactam antibiotics, such as penicillins and cephalo-
sporins [1]. Extended-spectrum β-lactamases (ESBLs) are primarily 
produced by the Enterobacteriaceae family of Gram-negative or-
ganisms, in particular Klebsiella pneumoniae and Escherichia coli, 
and also by nonfermentative Gram-negative organisms, such as 
Acinetobacter baumannii and Pseudomonas aeruginosa. ESBLs 
are Class A plasmid-mediated β-lactamases capable of conferring 
bacterial resistance to the penicillins, first-, second-, and third-
generation cephalosporins, and aztreonam (but not the cephamy-
cins or carbapenems) by hydrolysis of these antibiotics, and which 

are inhibited by β-lactamase inhibitors such as clavulanic acid [2]. 

The growing prevalence of ESBL producers is sufficient to drive a 
greater reliance on carbapenems. But extensive and sometimes 
unnecessary use of carbapenems has facilitated the emergence of 
carbapenem resistant bacteria. Two types of carbapenem hydrolyz-
ing enzymes exist, first is the serine β-lactamase (having serine at 
their active site) and second is the metallo-β-lactamase (MBL) 
which requires divalent cations of Zn2+ as cofactors for enzyme 
activity. MBLs are class B β-lactamase belonging to Group 3 and 

can hydrolyze all metallo-β-lactams except monobactams and are 
not inactivated by β-lactamase inhibitors like clavulanic acid, sulb-
actam and tazobactam but are inactivated by metal ion chelators 
like ethylene diamine tetracetic acid (EDTA) and 1,10-o-
phenanthroline [3]. With the global increase in the occurrence and 
types of MBLs, early detection is crucial; the benefits of which in-
clude timely implementation of strict infection control practices and 

treatment with alternative antimicrobials.  

Phenotypic methods of detecting ESBL and MBL are important in 
resource poor settings where molecular methods are not available 
easily. The present study was designed to evaluate standard phe-
notypic methods for detection of ESBL and MBL production among 
Escherichia coli and Klebsiella spp. and detection of New Delhi 

metallo-β-lactamase (NDM-1) production among them by PCR. 

Materials and Methods 

A prospective observational descriptive study was carried out in the 
Department of Microbiology, Lady Hardinge Medical College 
(LHMC), New Delhi and associated hospitals - Kalawati Saran Chil-
dren’s Hospital (KSCH) and Smt. Sucheta Kriplani Hospital (SSKH) 

from November 2010 to March 2012.  
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Three hundred and fifty strains each of Escherichia coli and Klebsiella 
spp. isolated from various clinical samples of inpatients were collect-
ed consecutively. Repeat isolates of Escherichia coli and Klebsiella 
spp. with the same antibiogram from the same patient were excluded 

from the study. 

Processing of Specimens 

Collection, transport and processing of specimens were done as 
per standard protocol [4,5]. The plates were incubated aerobically 
overnight at 37ºC and examined for colony morphology and lactose 
fermenting colonies on MacConkey’s agar and further identified by 

Gram stain and biochemical reactions [4,5]. 

Antimicrobial Susceptibility Tests 

Disk Diffusion Tests 

All identified strains were tested for antimicrobial susceptibility by 
Kirby-Bauer method on Mueller-Hinton Agar (MHA) medium accord-

ing to criteria recommended by CLSI [6]. 

Following antimicrobial agents (Hi-Media) were used for antibiotic sus-
ceptibility testing: Amikacin (30 µg), Ampicillin (10 µg), 
Cotrimoxazole (1.25/23.75 µg), Ertapenem (10 µg), Aztreonam (30 
µg), Gatifloxacin (5 µg), Cefazolin (30 µg), Imipenem (10 µg), 
Cefotaxime (30 µg), Norfloxacin (10 µg), Ceftazidime (30 µg), Tet-

racycline (30 µg), and Ciprofloxacin (5 µg). 

Minimum Inhibitory Concentration (MIC) Determination 

MIC determination was done according to CLSI guidelines by agar 
dilution method [6]. MIC of Imipenem was determined for the strain 
found resistant by disk diffusion method, while MIC of Ceftazidime 
and Cefotaxime was determined for strains found resistant to 
Ceftazidime/Cefotaxime/Aztreonam. MIC of ESBL producing 
imipenem resistant and intermediate susceptible isolates of Esch. coli 
and Klebsiella spp. was determined using microbroth dilution and these 

were tested for NDM-1 production [7]. 

Detection of ESBL Production 

The strains resistant to Ceftazidime and/or Cefotaxime were further  

tested for ESBL production by double disc synergy test (DDST), 

ESBL Etest and ESBL detection kits using standard methods [8]. 

Detection of MBL Production 

The strains which showed resistance to imipenem were further 
tested and interpreted for MBL production by combined disk test, 

Modified Hodge test (MHT) and using MBL Etest strips [9-12]. 

Detection of NDM-1 Production 

DNA was extracted from the strains by heat boil method and this 
DNA was subjected to single target PCR. Amplified products (250 
bp) were analyzed by electrophoresis in 2% agarose gels stained 
with ethidium bromide. Esch. coli NDM-1 positive controls were 
included. (Thermo Scientific GeneRuler 1 kb DNA Ladder 250 to 

10,000 bp). 

Results 

Three hundred and fifty clinical isolates of Esch. coli and 350 of 
Klebsiella spp. (347 of Klebsiella pneumoniae and 3 of Klebsiella 

oxytoca) were obtained from 338 and 343 patients respectively. 

ESBL and MBL Production 

Escherichia coli ESBL Production 

Out of the 350 isolates, 247 isolates showed resistance to both 
cefotaxime and ceftazidime. Out of 3 isolates showing intermediate 
susceptibility to cefotaxime, 2 were susceptible to ceftazidime and 1 
was resistant. The 2 isolates which were intermediate susceptible to 
cefotaxime and susceptible to ceftazidime did not show multidrug 
resistance. The remaining 248 isolates were multidrug resistant. 
Thus, a total of 250 isolates were further tested for ESBL produc-

tion. 

Of these 250 isolates, 203 (81.2%) tested positive for ESBL produc-
tion by ESBL detection kit and out of these 203, 200 (80.0%) were 
also positive by the DDST method. ESBL Etest for ceftazidime and 
cefotaxime showed 192 (76.8%) and 188 (75.2%) isolates to be 
ESBL producers respectively out of the 200 isolates which were 

positive by both ESBL detection kit and DDST [Fig-1]. 
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Fig. 1- Results of different methods for ESBL production in Esch. coli and Klebsiella spp. isolates. 

(DDST – cefotaxime/amoxicillin+clavulanic acid, ESBL detection kit - ceftazidime/ceftazidime+clavulanic acid, Etest a – Etest using ceftazidime/

ceftazidime+clavulanic acid, Etest b – Etest using cefotaxime/cefotaxime+clavulanic acid). 
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99.5 - 100% of ESBL producers were resistant to cephalosporins, 

96.9% to monobactam, 78.7 - 89.1% to fluoroquinolones, 88.5% to 
penicillin, 85.4% to tetracycline and 76.6% to cotrimoxazole whereas 

lesser number of ESBL producers were resistant to carbapenems (2.6 - 
14.1%) and aminoglycosides (25.5%) and this difference was statistical-

ly significant (p< 0.0001). 

6.4%, 6.8% and 86.8% of the 250 isolates were sensitive, interme-

diate susceptible and resistant by MIC test to cefotaxime respec-
tively. 13.2%, 15.2% and 71.6% isolates were sensitive, intermedi-

ate susceptible and resistant by MIC test to ceftazidime respective-
ly. 86%, 7.2% and 6.8% isolates were sensitive, intermediate sus-

ceptible and resistant by MIC test to imipenem respectively. Result 
of MIC50 and MIC90 values is depicted in [Table-1]. 

Escherichia coli MBL Production 

40 isolates were tested for MBL production. Of these 40 isolates, 17 
isolates were resistant to imipenem, 5 were intermediate suscepti-

ble and 18 were sensitive to imipenem but positive for ESBL pro-
duction by DDST only. ESBL production (Etest positive) was seen 

in 5 of the 17 isolates resistant to imipenem and 3 of the 5 isolates 
which were intermediate susceptible to imipenem. MBL production 

was observed in 5 isolates (12.5%) by MHT. Of these 5 isolates, 4 
isolates (10% ) were also positive by both the combined disk test 

and MBL Etest [Fig-2]. 

Klebsiella Species ESBL Production 

Of the 350 isolates, 262 isolates showed resistance to both cefotax-
ime and ceftazidime, 5 were intermediate susceptible to cefotaxime. 
Out of these 5, 4 were resistant to ceftazidime and 1 was suscepti-
ble to ceftazidime. One isolate which was intermediate susceptible 
to cefotaxime and susceptible to ceftazidime did not show multidrug 
resistance. The remaining 266 isolates were multidrug resistant. 
Thus, a total of 267 isolates were further tested for ESBL produc-

tion. 

Of these 267 isolates, 169 isolates (63.3%) were positive for ESBL  

production by ESBL Etest, 166 isolates (62.2%) were positive by ESBL 

detection kit and 163 (61%) by DDST method [Fig-1]. 

99.4% of ESBL producers were resistant to cephalosporins, 98.2% to 
monobactam, 97% to penicillin, 88.2% to cotrimoxazole, 81.1% to tetra-
cycline and 58 - 69.2% to fluoroquinolones whereas lesser number of 
ESBL producers were resistant to carbapenems (8.9 - 17.2%) and 
aminoglycosides (31.4%) and this difference was statistically significant 

(p< 0.0001). 

0.8%, 7.1% and 92.1% of the 267 isolates were sensitive, interme-
diate susceptible and resistant by MIC test to cefotaxime respec-
tively. 8.6%, 13.5% and 77.9% isolates were sensitive, intermediate 
susceptible and resistant by MIC test to ceftazidime respectively. 
84.3%, 3.7% and 12% isolates were sensitive, intermediate suscep-
tible and resistant by MIC test to imipenem respectively. Result of 

MIC50 and MIC90 values is depicted in [Table-1]. 

Table 1- MIC50 and MIC90 values of cefotaxime, ceftazidime and 

imipenem for Esch. coli and Klebsiella spp. 

Klebsiella species MBL Production 

A total of 97 isolates were tested for MBL production. Of these 97 
isolates, 57 isolates were resistant to imipenem, 12 were intermedi-
ate susceptible and 28 were sensitive to imipenem but positive for 
ESBL production by DDST only. ESBL production (Etest positive) 
was seen in 14 of the isolates resistant to imipenem and 3 isolates 
which were intermediate susceptible to imipenem. MBL production 
was observed in 34 isolates (35.1%) by MHT. Of these 34, 21 iso-
lates (21.6%) were also positive by both the combined disk test and 

MBL Etest [Fig-2]. 
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Antibiotic 
Range tested 

(µg/ml) 

Esch. coli Klebsiella 

MIC50 MIC90 MIC50 MIC90 

Cefotaxime 0.5-8 4 8 4 8 

Ceftazidime 2-32 16 32 16 32 

Imipenem 0.5-8 1 4 1 2 

Fig. 2- Results of different methods for MBL production in Esch. coli and Klebsiella spp. isolates. 

(Combined disk test and MBL Etest  – imipenem/imipenem – EDTA, MHT – ertapenem) 



|| Bioinfo Publications ||  601 

 

NDM-1 Production 

Of the total 40 isolates of Esch. coli tested for MBL production, 8 
isolates were ESBL producers. Of these 8, 4 isolates were MBL 
producers by MHT, combined disk test and MBL Etest and 1 isolate 
by MHT. These 8 isolates were tested for MIC determination by 
microbroth dilution. 3 isolates which showed multidrug resistance 
with this method were further evaluated for NDM-1 production by 
polymerase chain reaction. 1 isolate tested came out to be strongly 
positive for NDM-1 production, 1 isolate weakly positive and 1 neg-

ative for NDM-1 production [Table-2], [Fig-3]. 

Of the total 97 isolates of Klebsiella spp. tested for MBL production, 
17 isolates were ESBL producers. All these isolates were MBL pro-
ducers by the three tests. They were tested for MIC determination 
by microbroth dilution. 15 isolates showed multidrug resistance with 
this method. Of these 15, 8 isolates were strongly positive for NDM-
1 production, 1 was weakly positive and 6 were negative for NDM-1 

production [Table-2], [Fig-3]. 
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Table 2- Minimum inhibitory concentration of antimicrobials for Esch. coli and Klebsiella spp. by microbroth dilution. 

Fig. 3- Gel picture of NDM-1 PCR results.  

bp ng is a molecular weight marker. Last lane (19) is NDM-1 plasmid (positive control). Lane nos. 1,2,3,4,5,9,10.12 and 14 are strongly positive; 7 and 17 are 

weakly positive; 6,8,11,13,15,16 and 18 are negative. 

S.no Strains Imipenem Meropenem Ceftazidime Aztreonam Levofloxacin Colistin Tigecycline Amikacin NDM-1  

1 Esch. coli  32 32 >32 >32 8 0.5 2 >64 Strongly positive 

2 K. pneumoniae  8 16 >32 >32 >32 0.5 2 >64 Strongly positive 

3 K. pneumoniae  >32 >32 >32 >32 >32 2 4 >64 Strongly positive 

4 K. pneumoniae  16 32 >32 >32 16 4 1 >64 Strongly positive 

5 K. pneumoniae  16 32 >32 >32 >32 >16 1 >64 Strongly positive 

6 Esch. coli 16 >32 >32 >32 16 0.5 1 >64 Negative 

7 Esch. coli  32 32 >32 >32 4 1 2 >64 Weakly positive 

8 K. pneumoniae  16 32 >32 >32 16 1 4 >64 Negative 

9 K. pneumoniae  >32 >32 >32 >32 >32 1 4 >64 Strongly positive 

10 K. pneumoniae  >32 >32 >32 >32 >32 1 >16 >64 Strongly positive 

11 K. pneumoniae  16 32 >32 >32 32 2 4 >64 Negative 

12 K. pneumoniae  >32 >32 >32 >32 >32 1 8 >64 Strongly positive 

13 K. pneumoniae  16 16 >32 >32 4 2 4 >64 Negative 

14 K. pneumoniae  32 32 >32 >32 4 2 8 >64 Strongly positive 

15 K. pneumoniae  16 32 >32 >32 16 4 16 >64 Negative 

16 K. pneumoniae  16 16 >32 >32 >32 2 16 >64 Negative 

17 K. pneumoniae  16 32 >32 >32 32 1 8 >64 Weakly positive 

18 K. pneumoniae  <0.06 <0.06 0.125 <0.06 <0.06 1 0.25 4 Negative 

Discussion 

Bacteria from clinical and non-clinical settings are becoming in-
creasingly resistant to conventional antibiotics, especially the Gram-
negative bacteria. Nowadays multidrug resistant Gram negative 
bacteria pose the greatest risk to public health because there is an 
increased risk of resistance in them [13,14] and drug development 
programmes seem insufficient to provide therapeutic cover in the 

near future [15,16]. 

PCR analysis is the gold standard method for the detection of ESBL 
and MBL producers, but it is not suitable for routine testing in clini-
cal laboratories due to the high cost and inconvenience. In this 
study, we have used three different phenotypic methods each to 
detect ESBL and MBL production in Escherichia coli and Klebsiella 

species. 
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In the present study, out of 250 isolates of Esch. coli, 80.0% tested 
positive for ESBL production by the DDST method while 81.2% by 
ESBL detection kit. ESBL Etest for ceftazidime and cefotaxime 
showed 76.8% isolates and 75.2% isolates to be ESBL producers 
respectively which were also positive by both DDST and ESBL 
detection kit. ESBL Etest was found to be very sensitive for detec-
tion of ESBL production. The present study showed a higher per-
centage of ESBL producers as compared to Shobha et al [17] who 
detected 32% of Esch. coli isolates to be ESBL producers with the 
screening test and 35% with the phenotypic confirmatory test using 
modified double disk method; Hassan et al [18] detected 54% of the 
100 isolates as ESBL producers with the combination disk method; 
Jitsurong et al [19] detected 5.1% of Esch. coli isolates as ESBL 
producers with screening disk diffusion test, combination disk test 
and Etest. Lautenbach et al [20] detected 24.2% infections due to 
ESBL producing Esch. coli. 

In the present study, out of 40 isolates of Esch. coli, 10% were de-
tected as MBL positive by both the combined disk test and MBL 
Etest and 12.5% by the MHT. Both combined disk test and MBL 
Etest were found to be equally effective for MBL detection. In con-
trast, Chakraborty et al [21] reported a total of 41.2% of MBL pro-
ducing bacteria out of which 28.57% were Esch. coli by combined 
disk test and Etest. 

In the present study, of the 267 isolates of Klebsiella spp., 61.0% 
were positive for ESBL production by the DDST method while 
62.2% were positive by ESBL detection kit. ESBL Etest showed 
63.3% to be positive for ESBL production with Etest. All the 163 
isolates found to be ESBL producers by DDST were also positive 
both with the Etest and ESBL detection kit and 3 isolates which 
were positive by ESBL detection kit but not by DDST were positive 
by the Etest. The present study showed a higher percentage of 
ESBL producers as compared to that reported by Paterson et al 
[22] who detected 18.7% of ESBL producing K. pneumoniae bacte-
remia and Shobha et al [17] who detected 37% of ESBL producing 
Klebsiella isolates with the screening test and 41% with the pheno-
typic confirmatory test. Jitsurong et al [19] detected 44.4% of K. 
pneumoniae isolates as ESBL producers with screening disk diffu-
sion test, combination disk test and Etest. However, higher percent-
age of ESBL producing Klebsiella infections (75.8%) was reported 
by Lautenbach et al [20].  

In the present study, out of 97 isolates of Klebsiella spp., 21.6% 
isolates were detected as MBL producers by both the combined 
disk test and MBL Etest and 35.1% by MHT. Both combined disk 
test and MBL Etest were found to be equally effective for MBL de-
tection. Cagnacci et al [23] identified nine isolates using combined 
disk test. Deshpande et al [24] detected 12 carbapenem resistant 
species by MHT, of which 10 were detected as NDM producers by 
PCR. Chakraborty et al [21] identified a total of 41.2% of MBL pro-
ducing bacteria out of which 36.6% were Klebsiella by combined 
disk test and MBL Etest. Kumarasamy et al [25] detected 21.3% of 

isolates as MBL producing K. pneumoniae using any of the three 
methods. 

In the present study, NDM-1 production was tested in only 25 iso-
lates of Esch. coli (8) and Klebsiella (17) which showed resistance 
or intermediate susceptibility to imipenem and were ESBL produc-
ers by disc diffusion test. Amongst these, 1 Esch. coli and 8 
Klebsiella spp. were strongly positive for NDM-1 production, and 1 
each of Esch. coli and Klebsiella spp. was weakly positive. Desh-
pande et al [24] had identified 22 NDM producing organisms out of 

24 carbapenem resistant Enterobacteriaceae of which 9 were Esch. 
coli and 10 Klebsiella spp. Kumarasamy et al [25] identified 19 
Esch. coli and 14 K. pneumoniae from Chennai and 26 K. pneu-
moniae from Haryana as NDM-1 producers from carbapenem re-

sistant Enterobacteriaceae.  

Conclusion 

In the present study, incidence of ESBL production was high in both 
Esch. coli and Klebsiella spp. by the three methods though inci-
dence of MBL production was not very high. Among all the methods 
evaluated, Etest was found to be the best test for detecting ESBL 

and MBL production among Gram negative bacilli. 

Conflicts of Interest: None declared. 
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