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Abstract 
The prevalence of extended spectrum β-Lactamases (ESBLs) in multidrug resistant strains of gram negative 
Bacilli isolated from different clinical samples in a tertiary hospital in Patiala, Punjab. A total of 357 clinical 
isolates comprising Escherichia coli (n=246), Klebsiella pneumoniae (n=91) and Pseudomonas aeruginosa 
(n=20) were recovered from various clinical samples over a period of one year (Jan 2012 to Dec 2012). 
Antibiogram profile of these isolates was determined by commonly used antibiotics, along with screening for 
ESBL production by the screening test as recommended by the Clinical Laboratory Standards Institute 
(CLSI). Isolates which showed positive results with screening test were shortlisted for confirmatory tests of 
ESBL production by double disk approximation test and combined disk method. Out of 357 isolates,  
246 E. coli isolates (69%), 91 K. pneumoniae isolates (25.5%) and 20 P. aeruginosa isolates (5.6%) were 
screened for ESBL production. ESBL production was observed in 48% of E. coli isolates (118/246), 44% of 
K. pneumoniae (40/91) and 10(50%) of P. aeruginosa isolates by combination disk method. The double disk 
approximation test failed to detect ESBLs in 14 isolates of E. coli. Awareness and detection of these 
enzymes are necessary for optimal patient care and the judicious use of antimicrobial agents must become 
health care priorities.  
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Introduction 
After its discovery in 1983, extended spectrum  
β-Lactamases (ESBL) producing organisms are a major 
problem in the area of infectious diseases (Jabeen et al., 
2003). ESBLs are strictly defined as β-lactamases 
capable of hydrolyzing penicillins, broad and extended 
spectrum cephalosporins and monobactams and are 
inhibited by clavulanic acid. They have been isolated 
from a wide variety of Enterobacteriaceae as well as 
Pseudomonas aeruginosa (Rupp and Fey, 2003).  
ESBLs are derived from genes for TEM and SHV by 
mutation. ESBLs are often located on plasmids that are 
transferable from one strain to another and between 
bacterial species. 
 
In addition, ESBL producing organisms are frequently 
resistant to many other classes of antibiotics including 
aminoglycosides and fluoroquinolones thus; treatment of 
these infections is often a therapeutic challenge 
(Paterson and Bonoma, 2005). Although the prevalence 
of ESBLs is not exactly known but it is clearly increasing 
all over world as it has been proved that 10-40% of 
strains of E. coli and K. pneumoniae express ESBLs. 
ESBL producing gram negative bacteria have been 
responsible for numerous outbreaks of infection 
worldwide and therefore, pose a challenging infection 
control issues. So it is essential to identify ESBLs in 
routine and when detected, indicate the need for the use 
of appropriate antibacterial agents (Rupp and Fey, 
2003). 

Materials and methods 
Bacterial isolates: A total of 2260 gram negative isolates 
were isolated in urine, blood, vaginal swabs, pus, ascetic 
fluid from Jan 2012 to Dec 2012 in the Microbiology 
Department, G.M.C, Patiala, Punjab, India.  
 
Antibiogram profile: Antibiogram profile of these isolates 
was determined to commonly used antibiotics such as   
cefotaxime (30 mcg), Ceftriaxone (30 mcg), Ceftazidime 
(30 mcg), Cefepime (30 mcg), Amikacin (30 mcg), 
Gentamicin, Ciprofloxacin (5 mcg), Piperacillin+ 
Tazobactum (100/10 mcg), Imipenam (10 mcg) and 
Nitrofurantoin (300 mcg) along with screening for ESBL 
production as recommended by the Clinical Laboratory 
Standards Institute (CLSI). Isolates showing resistance 
to 3rd generation cephalosporins were shortlisted for 
confirmatory tests of ESBL production.  
 
ESBL production: ESBL production was tested by double 
disk approximation test and combination disk method 
which is recommended by CLSI. In this test, overnight 
culture suspension of the test isolates which was 
adjusted to 0.5 Mc Farland standard was inoculated by 
using a sterile cotton swab on the surface of Muller 
Hinton Agar plate. After incubating overnight at 37C,  
>5 mm increase in the zone diameter for Ceftazidime  
(30 mcg) antimicrobial agent which was tested in 
combination with clavulanic acid vs its zone when tested 
alone was interpreted as positive for ESBL production. 
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Double disk approximation test: Double disk 
approximation test was performed by using  
Amoxy-Clav (20/10) + Ceftazidime (30). The disks were 
placed 15 mm apart. 
  
Combined disk method: Combined disk method was 
performed using Cefatazidime (30) and Ceftazidime + 
Clavulanic acid (30/10). The disks were placed 20 mm 
apart. 
 
Quality control: Klebsiella pneumoniae ATCC 700603 
and E. coli ATCC 25922 were used for the quality control 
of ESBL testing methods. 
 
Results  
Maximum number of patients were in the age group of 
41-60 years (55.5%) followed by 61-80 years (36.6%) 
(Table 1). These ESBL positive isolates were obtained 
from 63 male and 105 female patients with a male to 
female ratio of 1:1.6 (Table 2). Ninety two percent of 
ESBL producers were inpatients. Out of 357 isolates, 
there were 246(69%) E. coli, 91(25.5%) K. pneumoniae 
and 20(5.6%) P. aeruginosa isolates. Maximum number 
of isolates were obtained from urine sample (n=202) 
followed by exudates (n=126) and blood samples (n=29). 
ESBL production was observed in 48%(118/246) of  
E. coli, K. pneumoniae 44%(40/91) and P. aeruginosa 
50%(10/20) isolates by combined disk method. The 
double disk approximation test failed to detect ESBLs in 
14 isolates of E. coli whereas, one K. pneumoniae and  
P. aeruginosa were detected by combined disk method 
(Table 3). The antimicrobial susceptibility results of ESBL 
producers are shown in Table 4. Susceptibility of ESBL 
producers to imipenem, nitrofurantoin and amikacin were 
found to be 98.5%, 89% and 75% respectively. Five 
isolates of K. pneumoniae were resistant to all the 
antibiotics. ESBL positivity by combination disk method 
(55%) is more as compare to double disc approximation 
test (42%). About 46% of ESBL producers were from 
patients admitted in ICU and 30% of ESBL producers 
were obtained from patients admitted in surgery units. 
 
Discussion 
ESBLs are now a problem in hospitalized patients 
throughout the world. The prevalence of ESBLs among 
clinical isolates varies greatly worldwide and in 
geographic areas and are rapidly changing over time 
(Livermore, 1995). Clinical laboratories need to develop 
quick screening methods to assess the mechanism of  
β-lactam resistance in their isolates so that appropriate 
medication can be given.  
 

 

 

 
 

 
Screening methods for ESBL with recommended zone 
sizes should be immediately applied to suggest the 
presence of an ESBL. The combination with clavulanic 
acid bringing the susceptibility back confirms the ESBL 
production. In our study, E. coli was the most common 
isolate (69%, n=246) followed by K. pneumoniae (25.5%, 
n=91) and P. aeruginosa (5.6%, n=20). A similar study 
was conducted by Baby Padmini and Appalaraju (2004) 
in which E. coli was the most common isolate (41%) 
followed by K. pneumoniae (40%). Out of 357 isolates, 
199(55%) showed the synergistic effect with combined 
disc method and only 150(42%) were positive by double 
disk method and they were sensitive to imipenam. The 
findings were in accordance with Umadevi et al. (2011) 
who recorded 81.06% of ESBL positive by combination 
disc method but only 43.9% positive by double disk 
approximation test in E. coli. The occurrence of ESBL 
producers in urinary isolates of E. coli and  
K. pneumoniae in this study was found to be 53.4% and 
39.2% respectively. Much higher (75%) prevalence of 
ESBL producers in urinary isolates of gram negative 
Bacilli were observed in India by Umadevi et al. (2011). 
The antimicrobial susceptibility results of ESBL 
producers are shown in Table 4.  
 

Table 3. Distribution of isolates from different types of clinical specimens. 

Organism 
Urine Exudates Blood 

Tested No of ESBL 
isolated Tested No of ESBL 

isolated Tested No of ESBL  
isolated 

E. coli 146(40.8%) 78(53.4%) 94(26.3%) 36(38.2%) 6(1.6%) 4(66.6%) 
K. pneumoniae 51(14.2%) 20(39.2%) 22(6.1%) 13(59%) 18(5%) 7(38.8%) 
P. aeruginosa 5(1.4%) 3(60%) 10(2.8%) 5(50%) 5(1.4%) 2(40%) 

Table 1. Distribution of patients according to  
age and ESBL producer. 

Age (years) No. of patients ESBL producer 
0-20 7(1.9%) Nil 
21-40 32(8.9%) 12(37.5%) 
41-60 198(55.5%) 102 (51.5%) 
61-80 120(33.6%) 54(45.5%) 

Table 2. Distribution of patients according to  
sex and ESBL producer. 

Sex Total no. of patients ESBL producer 
Male 145(40.6%) 63(43.4%) 

Female 212(59.4%) 105(49.5%) 

Table 4. Drug sensitivity results of ESBLs. 
Antibiotics Sensitivity (%) 
Amikacin 75% 

Gentamicin 54% 
Ciprofloxacin 50% 
Cefotaxime - 
Ceftriaxone - 
Ceftazidime - 
Cefepime 33% 

Piperacillin + Tazobactum 64% 
Nitrofurantoin 89% 

Imipenem 98.5% 
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Susceptibility of ESBL producers to imipenem, 
nitrofurantoin and amikacin were found to be 98.5%, 
89% and 75% respectively. Similar results were reported 
by Uma Devi et al. (2011) who showed susceptibility of 
ESBL producers to imipenam and amikacin at 100 and 
68% respectively. 
 
Conclusion  
Underdeveloped and developing countries lack the 
facilities of molecular methods for detection of various 
types of ESBLs. To overcome this problem, various 
phenotypic methods are recommended for routine use to 
detect ESBL producing gram negative Bacilli.  
The detection of ESBL can be done by either of the 
following two methods. Double disc method needs two 
discs which are part of routine sensitivity test in most of 
laboratories, where as combined disc method needs only  
one extra disc in the regular testing battery. Both of them 
were found to be very simple as well as cost-effective. 
Therefore, awareness and determination of ESBLs is 
necessary to prevent misreporting and hence treatment 
failure. Currently carbepenems are the most active and 
reliable agents for the treatment of infections due to 
ESBL producing organisms. All clinicians must keep in 
mind that carbepenems are antimicrobial agents which 
are kept in reserve. Therefore, we can conclude that   
phenotypic methods should be used for regular detection 
of ESBLs where molecular techniques are not available 
to prevent misreporting. Henceforth, to control the 
hospital acquired infections, a careful introspection is 
required while prescribing β-lactam drugs, especially in 
patients admitted in intensive care units. 
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