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Abstract 

Resistance to beta lactam antibiotics is the most common cause for beta-lactamase production. 
Increasing number of extended spectrum beta-lactamase (ESBL) producers has reduced the treatment 
options which resulted in emergence of multidrug resistant strains, treatment failure and hence 
increased mortality. To detect phenotypically, ESBL producers in Gram negative isolates from different 
samples and to know their susceptibility pattern. A retrospective study of Gram negative isolates 
was conducted. Total of 521 isolates were isolated from various samples. They were processed and 
identified by standard procedures. The antibiotic susceptibility testing was performed by Kirby- Bauer 
disc diffusion method using CLSI guidelines. ESBL was detected by combination disk test.  A total of 
521 Gram negative isolates were isolated which included E. coli, Klebsiella pneumoniae, Citrobacter 
spp., Enterobacter spp., Proteus spp. and Acinetobacter spp. Pseudomonas aeruginosa. Of 521 isolates 
tested, ESBL was detected in 329 (63.1%) isolates. These isolates showed maximum susceptibility to 
piperacillin- tazobactam (86%) followed by imipenem (78.4%), amikacin (63.5%), cotrimoxazole (54.4%), 
ciprofloxacin (51%),  amoxi-clav (44.9%), cefepime (44.1%), gentamicin (38.9%), cefoxitin (34.9%) and 
ampicillin (19.1%). ESBL producers which are resistant to beta lactam antibiotics have become a major 
problem. Detection of these beta-lactamase enzymes by simple disk method and its reporting will help 
clinicians in prescribing proper antibiotics. 
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iNtRODuCtiON
 T h e  i n c r e a s i n g  r e s i s t a n c e  o f 
microorganisms to antimicrobials is posing the 
greatest threat to human health and is also 
most challenging task to tackle it1.Beta-lactam 
antibiotics are the one which are most frequently 
prescribed drug to treat any bacterial infections2. 
Increasing resistance to antimicrobial agents is a 
major burden. Decreasing susceptibility to third 
generation cephalosporins among microorganisms 
is a matter of major concern. Production of 
β-lactamases enzyme in both gram positive and 
gram negative bacteria is the common cause for 
resistance to beta lactam antibiotics3,4. The main 
reason for increase in β-lactamases enzyme in 
bacteria is its widespread use and persistent 
exposure of β-lactam antibiotics which led to 
increase their spectrum of activity to include third 
generation cephalosporins and aztreonam. This is 
the reason for mutations in these enzymes and are 
called extended spectrum β-lactamases (ESBLs)5.
 In the mid 1980s, ESBL was first reported 
in Western Europe followed by US in the late 
1980s6. ESBLs are enzymes that inactivate third 
generation cephalosporins and monobactam. 
However, they remain sensitive to cephamycins 
and carbapenems. Resistance can be overcome 
by using beta lactamase inhibitors (clavulanic 
acid, sulbactam and tazobactam) in combination 
with β-lactam (amoxicillin, piperacillin)7. ESBL are 
classified under Bush’s functional class 2be. These 
enzymes are plasmid-mediated and are derived 
from point mutation of TEM on SHV β-lactamases8.
Detection of ESBL producers and other acquired 
resistance mechanisms to beta-lactam antibiotics 
by phenotypic methods are very important to 
prevent spread to other patients in hospitals by 
implementing isolation procedures9. Recently, 
isolates from community acquired infections 
are reported more commonly than isolates from 
hospital acquired infections10. ESBLs have been 
found mainly in Enterobacteriacae like Klebsiella 
spp. and Escherichia coli, but have also been 
reported in Non-fermenters (Pseudomonas spp. 
and Acinetobacter spp.). ESBL-producing bacteria 
cause infections involving both immunocompetent 
and immunocompromised patients. But it 
is very difficult to treat these infections in 
immunocompromised patients where only limited 
options are left11. The increasing prevalence of 

β-lactamases producing bacteria not only reduces 
the treatment options but also increases the 
duration of hospital stay, morbidity and mortality. 
Hence, its detection by different methods is 
essential12. Microbiology laboratory should 
detect these enzymes and also their antibiotic 
susceptibility pattern to provide reliable treatment 
options to clinicians for treating patients. 
 As the burden of ESBL producing 
organisms is increasing, it becomes necessary to 
detect ESBL producers to formulate and implement 
antibiotic policy in all hospitals. Microbiological 
surveillance to know the prevalence and the type 
of β-lactamases helps to form effective antibiotic 
policy. Also, awareness regarding these enzymes 
among clinicians plays a major role for better 
patient care. The study was done to detect ESBL 
producer in Gram negative isolates from clinical 
samples and to know the antibiotic susceptibility 
pattern of these isolates.
 
MAteRiAls AND MethODs
 Retrospective study of 1 year duration 
from July 2018 to June 2019 was conducted at 
Chamarajanagar Institute of Medical Sciences. 
All Gram negative isolates from different samples 
were included. Socio-demographic details and 
culture and susceptibility results were collected 
from Microbiology Laboratory registers. Following 
standard procedures culture of samples, its 
identification and antibiotic susceptibility testing 
(AST) was done13. Kirby- Bauer disc diffusion 
method was used for AST following Clinical and 
Laboratory Standard Institute (CLSI) guidelines14. 
 The following antibiotics were tested: 
ampicillin (10µg), amoxiclav (20/10µg), gentamicin 
(10µg), amikacin (30µg), ciprofloxacin (10µg), 
cotrimoxazole (1.25/23.75µg), cefoxitin (30µg), 
cefepime (30µg), imipenem (30µg), piperacillin-
tazobactam (100/10µg). Resistance data were 
interpreted according to CLSI guidelines (29th ed. 
CLSI Supplement M100, 2019).
Detection of ESBL
Phenotypic confirmatory test
 ESBL was detected by combination 
disk test using ceftazidime (30 μg) alone and in 
combination with clavulanic acid (30 μg/ 10 μg). 
0.5 Mc-Farland opacity of test organisms were 
inoculated into Mueller-Hinton agar (MHA) as 
lawn culture. The ceftazidime (CAZ) discs alone 
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and in combination with clavulanic acid (CAC) 
were placed on MHA. Isolates showing increase 
of ≥ 5mm in zone of inhibition of CAC discs in 
comparison to the CAZ disc alone was considered 
to be ESBL producer. 
Data analysis
 Data analysis was done using MS Excel.
Ethical considerations
 Ethical clearance was obtained from 
the Institutional Ethical clearance committee of 
Chamarajanagar Institute of medical sciences, 
Chamarajanagar.

Results
 A total of 521 Gram negative isolates 
were isolated which included E. coli, Klebsiella 
pneumoniae, Citrobacter spp., Enterobacter spp., 
Proteus spp., and Acinetobacter spp. Pseudomonas 
aeruginosa as shown in Table 1. Table 2 shows, of 
521 isolates tested, 329 (63.1%) were found to 
be ESBL producers. These ESBL producing isolates 
showed maximum susceptibility to piperacillin- 
tazobactam (86%) followed by imipenem (78.4%), 
amikacin (63.5%), cotrimoxazole (54.4%), 
ciprofloxacin (51%), amoxi-clav (44.9%), cefepime 
(44.1%), gentamicin (38.9%), cefoxitin (34.9%) and 
ampicillin (19.1%). as in Table 3. 

DisCussiON
 The increasing prevalence of resistance 
is a major burden worldwide in antimicrobial 
therapy. Infections caused by these resistant 
organisms are responsible for treatment failure, 
prolonged illness and a risk of morbidity and 
mortality. Overuse and misuse of antimicrobial 
agents is the major concern for the development of 

Table 1. Organisms isolated from various samples

Organisms Total isolates ESBL producers
 No. (%) No. (%)

Escherichia coli 176 (33.8) 121(23.2)
Klebsiella 58 (11.1) 32 (06.1)
pneumoniae
Proteus spp.  32 (06.1) 13 (02.5)
Citrobacter spp.  49 (09.4) 24 (04.6)
Enterobacter spp. 63 (12.1) 46 (08.8)
Acinetobacter spp. 28 (05.4) 14 (02.7)
Pseudomonas 115 (22.1) 79 (15.2)
aeruginosa
Total 521 (100) 329 (63.1)

Table 2. Number of ESBL producers

Total No. of Gram ESBL producers
negative isolates  No. (%)

521 329 (63.1)

Table 3. Antibiotic susceptibility pattern of ESBL producers

Organisms AMP AMC G AK CIP COT CN CPM MRP PIT

E. coli (n=121) 46 71 58 82 85 94 57 49 98 109
 (14.0) (21.6) (17.6) (24.9) (25.8) (28.6) (17.3) (14.9) (29.8) (33.1)
Klebsiella pneumoniae - 13 11 23 17 19 15 19 25 21
 (n=32)  (3.9) (3.4) (6.9) (5.2) (5.8) (4.6) (5.8) (7.6) (6.4)
Proteus 04 10 09 11 05 06 06 07 11 10
spp. (n=13)  (1.2) (3.0) (2.7) (3.4) (1.5) (1.8) (1.8) (2.1) (3.4) (3.0)
Citrobacter - 12 06 12 09 12 09 11 16 22
spp. (n=24)  (3.7) (1.8) (3.7) (2.7) (3.7) (2.7) (3.4) (4.9) (6.7)
Enterobacter 13 31 18 29 24 40 28 27 35 39
spp. (n=46)  (3.9) (9.4) (5.5) (8.8) (7.3) (12.1) (8.5) (8.2) (10.6) (11.9)
Acinetobacter spp.   - - 07 10 06 08 - 08 06 10
(n=14)   (2.1) (3.0) (1.8) (2.4)  (2.4) (1.8) (3.0)
Pseudomonas - - 19 42 22 - - 24 67 72
aeruginosa (n=79)    (5.8) (12.8) (6.7)   (7.3) (20.3) (21.9)
Total (n=329) 63 137 128 209 168 179 115 145 258 283
 (19.1) (41.6) (38.9) (63.5) (51.0) (54.4) (34.9) (44.1)  (78.4) (86.0)

AMP – Ampicillin, AMC – Amoxiclav, G – Gentamicin, AK – Amikacin, CIP – Ciprofloxacin, COT – Cotrimoxazole, CN – Cefoxitin, 
CPM – Cefepime, IMP – Imipenem, PIT – Piperacillin/Tazobactam
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acquired antimicrobial resistance.15 Production of 
Beta-lactamase enzyme (in both gram positive and 
gram negative bacteria) is the major mechanism 
for development of antimicrobial resistance. 
Although the prevalence of ESBL producer varies 
from country to country, it is more in Asia16. 

Although, ESBLs are commonly detected in 
members of Enterobacteriaceae especially E. coli 
and Klebsiella pneumoniae, other beta-lactamases 
like Amp C, MBL(Metallobetalactamases) are 
encountered in nonfermenters. Spread of beta-
lactamases resistance between organisms is 
mainly due to plasmid mediated resistance. They 
also carry resistant genes to quinolones and 
aminoglycosides. These resistant strains are then 
spread in environment and transfer the genes 
coding for resistance to other bacteria15,17.
 Our study showed prevalence of ESBL 
producer is 63.1% which was similar to studies 
done by Mathur et al.18 and Singhal et al.19 which 
showed positivity in 68% and 64% respectively. 
Among the members of Enterobacteriaceae, ESBL 
producers were maximum in E. coli, Enterobacter 
spp. and K. pneumonia which was similar to 
studies done by Mutasim E. et al.20 Among 
non-fermenters, Pseudomonas aeruginosa and 
Acinetobacter spp. exhibited ESBL production. 
E. coli and K. pneumoniae are the most common 
etiological agents of many infections. Irrational 
uses of antibiotics without following antimicrobial 
susceptibility report, uncontrolled sale of 
antibiotics over the counters without prescription 
are few factors which increases the spread of 
resistance. ESBLs are sensitive to carbapenems 
and cephamycins and resistance can be overcome 
by use of β-lactam along with β-lactamase 
inhibitors (sulbactam or clavulanic acid). Our study 
showed maximum susceptibility to piperacillin- 
tazobactam (86%) followed by imipenem (78.4%) 
and amikacin (63.5%) which is similar to study 
done by Sangeetha K.T. et al.21 As observed in 
our study, Imipenem was effective among ESBL 
producers. Carbapenem should be considered as 
reserve drug and used only for infections caused 
for drug resistant organisms.
 Creating awareness on antibiotic 
resistance of organisms, designing and effective 
implementation of antibiotic policy are few steps 
to be taken towards handling resistant organisms 

(ESBL, MBL and AmpC producers)22,23. Regular 
microbiological surveillance is essential to know 
the prevalence of the these enzymes and their 
susceptibility pattern. Every hospital should have 
their own hospital antibiotic policy which is helpful 
for wise indications for antimicrobial choice. 
Following strictly the concept of “reserve drugs” 
and rational use of antibiotics will decrease the 
misuse of available antibiotics and also prevents 
further spread of drug resistance24. Treatment with 
combination therapy and use of new antibiotics 
may help against such drug-resistant organisms25. 
Implementation of antimicrobial stewardship 
program (AMSP) in a hospital provides strategies 
for rational use of antimicrobials. AMSP helps 
in use of right antimicrobial agent, for the right 
patient, at the right time, with the right dose, 
route and frequency, causing the least harm to 
the patients. 

CONClusiON
 Multidrug-resistant ESBL producers are 
rapidly increasing and have become a burden. 
Detection of these enzymes in laboratory by simple 
disk method has to be routinely employed. Its 
detection and reporting will help in prescribing 
proper antibiotics, to understand the drug resistant 
patterns of ESBL producers and to prevent spread 
of these organisms and therapeutic failures.
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