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ABSTRACT: BACKGROUND: Extended Spectrum β-lactamases (ESBL) are enzymes that have 

the ability to hydrolyze β-lactam antibiotics containing oxyimino group and are inhibited by β-

lactamase inhibitors. These enzymes are responsible for resistance to penicillins, monobactams, 

third generation and in some instances fourth generation cephalosporins. ESBLs are encoded by 

transferable conjugative plasmids that often code for resistance to other antibiotics as well. 

OBJECTIVE: This prospective study aimed to determine ESBL production in Gram negative 

bacteria in patients attending a tertiary care hospital in eastern Bihar. METHOD: A total of 556 

samples from patients attending inpatient and outpatient departments from May 2009 to April 

2010 were included in the study. Samples were processed as per standard protocol and 

antibiotic susceptibility testing was done by modified Kirby–Bauer method. Isolates showing 

resistance to any third generation cephalosporin were subjected to Double Disc Synergy Test 

(DDST), Phenotypic Confirmatory Disc Diffusion Test (PCDDT) and MIC reduction test for ESBL 

production. RESULTS: 42.62% of Gram negative bacilli were ESBL producers. 56.3% of 

Klebsiella pneumoniae strains were found to be ESBL producers whereas only 40.5% of 

Escherichia coli produced ESBL. PCDDT and MIC reduction test showed 100% correlation 

whereas the DDST failed to detect 13.5% of ESBL producers. All ESBL producers were sensitive 

to Imipenem and Cefoperazone/ Sulbactam. CONCLUSION: The present study gives us an 

indication regarding the occurrence of ESBL producing Gram negative bacilli in Eastern Bihar. 

The number of ESBL producers in this region is alarmingly large. It is therefore recommended 

that PCDDT be incorporated in all laboratories as a part of routine antibiotic susceptibility 

testing procedures as it is simple, reliable and reproducible test for detection of ESBLs. 
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INTRODUCTION: Extended Spectrum β-lactamases (ESBL) are enzymes that have the ability to 

hydrolyze β-lactam antibiotics containing an oxyimino group (third generation cephalosporin 

and Aztreonam) and are inhibited by β-lactamase inhibitors like Clavulanic acid, Sulbactam and 

tazobactam1. Production of ESBLs lead to resistance to penicillins, monobactams, third 

generation cephalosporins like Cefotaxime, Ceftriaxone, Ceftazidime and in some instances 

fourth generation cephalosporins also2.  
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Emergence of resistance to β-lactam antibiotics began even before the first β-lactam 

antibiotic penicillin was developed3. The first plasmid mediated β-lactamase, TEM-1 was 

reported in 1965 from an Escherichia coli isolate belonging to a patient in Athens, Greece 

named Temoniera [hence designated TEM]4. Over the years, many new β-lactam antibiotics 

have been developed; however, with each new class of antibiotic, a new β-lactamase emerged 

that caused resistance to that class of drug. Presumably, the selective pressure imposed by the 

use and overuse of new antibiotics results in the emergence of new variants of β-lactamases5. 

The first report of plasmid-encoded β-lactamase capable of hydrolyzing the extended spectrum 

cephalosporins was published in 1983 from Germany6. Hence these new β-lactamases were 

coined as extended spectrum β-lactamases7. Over the past few decades, a number of new β-

lactamases in clinical isolates of members of the family Enterobacteriaceae have emerged. The 

total number of ESBLs characterized exceeds 200 today8. ESBLs are encoded by transferable 

conjugative plasmids which often code for resistance to other antibiotics as well7. Being plasmid 

mediated, they are easily transmitted among the members of Enterobacteriaceae family, thus 

facilitating the dissemination of resistance not only to β- lactams but also to other commonly 

used antibiotics such as quinolones and aminoglycosides9. Major risk factors for colonization or 

infection with ESBL producing organisms are prolonged exposure to antibiotics, prolonged ICU 

stay, nursing home residency, severe illness, catheterization, instrumental intervention and 

residence in an institution with high rate of use of third generation cephalosporins.5 

This prospective study aimed at determining ESBL production in Gram negative bacilli 

in a tertiary care hospital in eastern Bihar. Detection of ESBL production is important because it 

ultimately determines the clinical outcome in patients infected with such strains. Studies on 

ESBL producing Gram negative bacilli have been reported from all parts of India however, to the 

best of our knowledge; no such studies till date have been reported from Bihar and Jharkhand. 

 

MATERIAL AND METHODS: Clearance from Institutional Ethics Committee was obtained 

prior to carrying out this study. A total of five hundred and fifty six (556) samples viz. urine, pus, 

stool and pleural fluid from patients attending different inpatient and outpatient departments 

were included in the study. A brief clinical history of the patients regarding antibiotic intake, 

instrumentation and duration of hospital stay was taken. Specimens collected were inoculated 

on 5% sheep blood agar and MacConkey’s agar. They were identified by standard biochemical 

tests.10 Antibiotic Susceptibility Testing (AST) was done on Mueller–Hinton agar (MHA) plates 

by modified Kirby–Bauer disc diffusion technique using commercially available antibiotic discs 

(HiMedia, Mumbai). When the zone of inhibition of an isolate for any one or more of the third 

generation cephalosporin (Cefotaxime, Ceftriaxone, Ceftazidime & Cefoperazone) was less than 

or equal to the zone diameter recommended by CLSI (Clinical and Laboratory Standards 

Institute), the isolate was further tested by the PCDDT, MIC reduction test and DDST for ESBL 

production.11  

 

DDST: Bacterial suspension to be tested was prepared in Mueller–Hinton Broth (MHB). After 

matching the turbidity to 0.5 McFarland’s standard, the organism was inoculated on MHA as per 

guidelines for disc diffusion technique. Amoxycillin/Clavulanic acid disc was placed in the 

centre of the plate. Four antibiotic discs i.e. Cefotaxime, Ceftazidime, Ceftriaxone and 

Cefoperazone were placed at a distance of 20 mm (centre to centre) from 

Amoxycillin/Clavulanic acid disc and at 90° from each other. The plates were examined after 
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overnight incubation. Enhancement of inhibition zone for any of the four antibiotic discs 

towards Amoxycillin/ Clavulanic acid disc indicated the production of ESBL by the strain. 

 

PCDDT: MHA plates were inoculated in the same manner as DDST. Four antibiotic discs viz. 

Cefotaxime, Cefotaxime/ Clavulanic acid, Ceftazidime and Ceftazidime/ Clavulanic acid were 

placed at a distance of 30 mm (centre to centre) from each other. Plates were examined after 

overnight incubation at 37°C. ESBL production was confirmed when there was an increase in 

the zone diameter by 5 mm or more when Clavulanic acid was added to the respective 

antibiotic. [Fig. 1] 

 

MIC reduction test: Bacterial suspension to be tested was prepared in MHB and matched to 0.5 

McFarland’s standard. As a final concentration of 5 X 105 CFU/ml was required, bacterial 

suspension equivalent to 0.5 McFarland’s standard was further diluted 1:100 in MHB.12  

− Antibiotics in powder form were obtained from Sigma-Aldrich Chemicals Pvt. Ltd, 

Bangalore. Dilutions were prepared in the following range: 

 -    Ceftazidime   :  0.25 – 256 µg/ml 

 -    Ceftazidime/Clavulanic acid :  0.25/4 – 256/4 µg/ml 

 -    Cefotaxime   :  0.25 – 256 µg/ml 

 -    Cefotaxime/Clavulanic acid :  0.25/4 – 256/4 µg/ml 

 

Antibiotic ranges were prepared one step higher than the final dilution range required to 

compensate for the addition of equal volume of inoculum. 100 µl of each antibiotic dilution was 

dispensed in their respective labelled wells. 100 µl of diluted bacterial suspension was added to 

each well. 200 µl of uninoculated and inoculated broth were also dispensed in wells in each row 

as sterility and growth control. After overnight incubation, the microtitre wells were examined.  

The lowest concentration of the antibiotic that showed no visible growth represented the MIC 

value of the organism. An isolate was confirmed as ESBL producer if there was ≥ 3 two folds 

(eight times) reduction in MIC of third generation cephalosporin on addition of Clavulanic acid 

as compared to third generation cephalosporin when used alone12. [Fig. 2] 

 

RESULTS: A total of five hundred and fifty six (556) samples were received in the laboratory 

during the study period out of which one hundred and twenty two strains of Gram negative 

bacilli were isolated (21.9%). 62 strains were from indoor while 60 were from outdoor patients. 

Overall 52 (42.6%) of these isolates were found to be ESBL producers; 56.3% of Klebsiella 

pneumoniae were ESBL producers, followed by 50.0% of Klebsiella oxytoca and 40.5% of 

Escherichia coli. ESBL production was also seen in Pseudomonas aeruginosa (35.7%) and 

Proteus mirabilis (33.3%). [Table 1] 

 Most of the ESBL strains were isolated from the department of Surgery (38.5%) 

followed by department of Obstetrics & Gynaecology (28.9%) and department of Medicine 

(23.1%). Comparison of DDST and PCDDT with MIC reduction test showed that the PCDDT was 

superior to the DDST for detection of ESBL producers. PCDDT showed 100% correlation with 

MIC reduction test whereas DDST failed to detect 13.5% of ESBL producers. 

 ESBL producers were isolated more frequently in patients hospitalized for more than 14 

days (44.8%) when compared with ≤ 7 days of hospitalization (20.7%). [Table 2]   

 All ESBL producers were resistant to Cefuroxime and Piperacillin. 90.0% of strains were 

resistant to Cefoperazone, 82.7% to Ceftriaxone, 76.9% to cefotaxime and 75.0% to Ceftazidime. 
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All the strains were sensitive to Imipenem and Cefoperazone/ Sulbactam combination. [Table 

3] 

 

DISCUSSION: The present study gives us an indication regarding the occurrence of ESBL 

producing Gram negative bacilli in Eastern Bihar. Unfortunately the number of ESBLs isolated in 

this region is alarmingly large (42.6% of all Gram negative bacilli). It was observed that majority 

of these ESBL producers were from indoor patients especially in those with prolonged hospital 

stay. Various studies have reported ESBL production to be as high as 61.7% and as low as 

11.0%.13,14,15 

Majority of ESBL producers were Klebsiella pneumoniae, this was followed by Klebsiella 

oxytoca and Escherichia coli. Many other studies have also reported that majority of ESBL 

producers were either Escherichia coli or Klebsiella pneumoniae.13 14,15 As was seen in this 

study, other authors have also reported ESBL production in Klebsiella oxytoca, Pseudomonas 

aeruginosa, Proteus mirabilis and Citrobacter freundii. 13,14,16,17  

The PCDDT was found to give good results as far as detection of ESBL was concerned, 

showing 100% concordance with the MIC reduction test. Similar findings were also reported by 

other workers.7 

Presence of these organisms in the hospital environment is a man-made phenomenon 

due to over-use and misuse of 3rd generation cephalosporins and other broad spectrum 

antibiotics. Proper infection control practices and formulation of a hospital antibiotic usage 

policy is clearly indicated. The other main issue that needs to be addressed is the incorporation 

of tests for detection of ESBL as a routine in all Microbiology laboratories. The PCDDT was 

found to be a simple, reliable and reproducible test that showed 100% conformity with the MIC 

reduction test which is time taking, difficult to interpret and needs a high degree of precision. 

The PCDDT therefore has the potential to be incorporated in all laboratories, especially smaller 

ones that do not have the resources to avail automated systems, as a part of routine antibiotic 

susceptibility testing procedures. 
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Table 1:  Rate of isolation of ESBL producers among Gram negative isolates. 

 

Isolate ESBL (%) Non-ESBL (%) Total 

Escherichia coli 30 (40.54) 44 (59.46) 74 

Klebsiella pneumonia 09 (56.25) 07 (43.75) 16 

Klebsiella oxytoca 04 (50.00) 04 (50.00) 08 

Pseudomonas aeruginosa 05 (35.71) 09 (64.29) 14 

Proteus mirabilis 02 (33.33) 04 (66.67) 06 

Citrobacter freundii 02 (50.00) 02 (50.00) 04 

Total 52 (42.62) 70 (57.38) 122 

 

 

 

 

 

 



ORIGINAL ARTICLE 
 

Journal of Evolution of Medical and Dental Sciences/Volume1/ Issue4/October - 2012 Page 435 

 

Table 2: Duration of hospital stay in relation with ESBL infection. 

Duration of stay (days) ESBL Percentage Non-ESBL Percentage 

≤7 06 20.69 22 66.67 

8 – 14 10 34.48 06 18.18 

>14 13 44.83 05 15.15 

Total 29 100.00 33 100.00 

 

Table 3: Antibiotic susceptibility pattern of ESBL and non-ESBL producing isolates. 

 

Antibiotics ESBL 

production 

Resistant 

(%) 

Intermediate 

(%) 

Sensitive 

(%) 

Total 

Cefuroxime ESBL 52 (100.0) 0 (0.00) 0 (0.0) 52 

Non ESBL 58 (82.9) 11 (15.71) 01 (1.4) 70 

Ceftazidime ESBL 39 (75.0) 13 (25.00) 0 (0.0) 52 

Non ESBL 18 (25.7) 10 (14.29) 42 (60.0) 70 

Cefotaxime ESBL 40 (76.9) 10 (19.23) 02 (3.8) 52 

Non ESBL 22 (31.4) 09 (12.86) 39 (55.7) 70 

Ceftriaxone ESBL 43 (82.7) 09 (17.31) 0 (0.0) 52 

Non ESBL 22 (31.4) 0 (0.00) 48 (68.6) 70 

Cefoperazone ESBL 47 (90.4) 04 (7.70) 01 (1.9) 52 

Non ESBL 20 (28.6) 10 (14.29) 40 (57.1) 70 

Amikacin ESBL 06 (11.5) 04 (7.70) 42 (80.8) 52 

Non ESBL 25 (35.7) 05 (7.15) 40 (57.1) 70 

Levofloxacin ESBL 14 (26.9) 07 (13.46) 31 (59.6) 52 

Non ESBL 27 (38.6) 11 (15.72) 32 (45.7) 70 
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Gentamicin ESBL 36 (69.2) 01 (1.92) 15 (28.9) 52 

Non ESBL 41 (58.6) 09 (12.86) 20 (28.6) 70 

Piperacillin ESBL 52 (100.0) 0 (0.00) 0 (0.0) 52 

Non ESBL 24 (34.3) 21 (30.00) 25 (35.7) 70 

Cefoperazone/ 

Sulbactam 

ESBL 0 (0.0) 0 (0.00) 52 (100.0) 52 

Non ESBL 16 (22.9) 06 (8.57) 48 (68.6) 70 

Piperacillin/ 

Tazobactam 

ESBL 03 (5.8) 01 (1.92) 48 (92.3) 52 

Non ESBL 18 (25.7) 23 (32.86) 29 (41.4) 70 

Imipenem ESBL 0 (0.00) 0 (0.00) 52 (100.0) 52 

Non ESBL 0 (0.00) 0 (0.00) 100 (100.0) 70 
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