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I. Introduction and History 
E.coli and Klebsiella isolates are equally resistant to Ampicillin 
(76% and 75% respectively) while for cotrimoxazole, E. coli 
is more resistant (75%) than Klebsiella (53%). Indian isolates 
showed higher resistance against ampicillin and cotrimoxazole 
than the isolates from USA (39.1% and 18.6% respectively and 
Europe 29.8 % and 14.1% respectively. On the other hand, rate 
of resistance against these antibiotics in countries like Senegal 
(77% and 55%), Spain (65% and 33%) Taiwan (80% and 56%) 
and Israel (66% and 26%) is comparable with Indian isolates. 
In a study conducted by Microbiology Department JN Medical 
College Aligarh. The E coli and Klebsiella isolates are highly 
resistant against nitrofurantoin (80 % and 76% resistant 
respectively) whereas this drug exihibited low resistant rate in 
the major part of the world (0- 54 %), despite of its being used 
for many years. This is probably due to the fact that this antibiotic 
has been widely used in treating community acquired UTIs over 
the past decade in this region. The resistance rate of E. coli to 
extended spectrum cephalosporins range from 55% to 85%, which 
is contrary to the other community acquired UTI studies in Europe, 
Israel and US. Higher resistance rate to all the antibiotics with 
the exception of amikacin and Imipenem may be explained as 
uncontrolled consumption of these antibiotics during the past 
decade. 
In the study conducted by Microbiology Department JN Medical 
College Aligarh the overall imipenum resistance was 12 % for 
Klebsiella pneumoniae, whereas, other isolates of uropathogens 
were found to be resistant to imipenum. It is highly stable 
against beta lactamase and has an unusual property of causing 
post antibiotic effect on gram negative bacteria. Due to its small 
molecular size, it can overcome the poor permeability of beta 
lactams for Pseudomonas by efficient penetration through Porins, 
OMPD. Extended spectrum cephalosporins showed remarkable 
rates of resistance against E. coli, K. pneumoniae, Staphylococcus 
aureus, Acinetobacter and P. aeruginosa. All Staphylococcus 
aureus isolates were susceptible to third generation cephalosporins 
i.e. cefotaxime and ceftrioxone, whereas among P.aeruginosa 
all isolates showed resistance to cefpodoxime and cefuroxime. 
All Acinetobacter isolates were susceptible to amikacin and 
floroquinolones. The reported resistance varies from 10 to 30 % 
in P aeruginosa and 3 to 10.3 %in Acinetobacter.
In the same study 42% of uropathogens were found to produce 
ESBLs. High prevalence rate of ESBL producing strains have 
also been reported earlier in K. pneumoniae. This is consistent 
with other drug resistant groups in India (48.3%). A 34.42% of 
E. coli isolates were ESBL producers, followed by 27.3% of K. 
pneunoniae. It might be possible that the high level of multidrug 
resistance was most probably due to production of extended 
spectrum beta lactamases in these isolates.
The role of third generation cephalosporins in the treatment of 
K. pneunoniae is limited as ESBL mediated resistance is on the 
increase in the last decade.  In a study from South India ESBL 
mediated resistance was89 25.8 % and in another study a very low 
prevalence of 6% was reported. This very low prevalence in their 
study may be due to the fact that isolates were from infections in 
children and this may be the reason for disparity. However there 

are various reports where incidence is reported to be 23 % 91 in 
hospital isolates and 84 % of epidemic isolates.
Farhat ullah et al found in his study that E. coli (33.9%) was the 
commonest organism isolated from urine samples. More isolates 
were received from females as compared to males. The ratio was 
3:1. Middle aged patients that  is 22-45 years accounted for 54.3 % 
of infections while second predominant group was children (24%). 
Among beta lactams the most effective antibiotic was Imipenum 
with 98.3 % of isolates susceptible to this agent followed by 
meropenum with 97.4 % of the isolates being susceptible. Among 
cephalosporins 62 % resistance was reported to cefotaxime, 65% 
to cefaclor and ceftazidime both and 72 % to cepharidine while 
the highest resistance was reported to penicillin group (ampicillin) 
i.e. 89%. Among aminoglycosides, 48% isolates were susceptible 
to gentamicin and 43% to amikacin. In their study 56.9% E. coli 
were found to produce ESBL. 
Recent studies on ESBL production in members of enterobacteriaceae 
isolated from clinical specimens showed 9-50% ESBL producers. 
A study from north india on ESBL production in uropathogens 
showed 26.6 % ESBL producers which belonged to Klebsiella, 
E. coli, Enterobacter, Proteus and Citrobacter.
Tankhiwale et al. reported in his study that among 217 uropathogens, 
108 (49.8%) isolates of E. coli were the most common organism 
followed by Klebsiella (37.8%), Pseudomonas aeruginosa (6.5%), 
Staphylococcus (1.84%), Acinetobacter (1.4%) and Proteus 
mirabilis (0.9%). They found that 25.6% of Klebsiella and 18.5 % 
of E.coli strains were ESBL producers. Although high prevalence 
rate of ESBL producing strains have been reported in Klebsiella 
sp.99-101 ESBL production in E.coli has been reported to vary 
from 21 to 34%. 
Emergence of resistance to beta lactum antibiotics began even 
before the first beta lactum penicillin was developed. The first beta 
lactamase was identified in Escherichia coli prior to the release of 
penicillin for use in medical practice. The age of penicillin saw 
the rapid emergence of resistance in Staphylococcus aureus due to 
plasmid encoded penicillinase. This beta lactamase quickly spread 
to most clinical isolates of S. aureus as well as other species of 
Staphylococcus.
Many genera of gram negative bacilli possess a naturally occurring, 
chromosomally mediated beta lactamase. These enzymes have 
thought to have evolved from Penicillin binding proteins with 
which they show some sequence homology. This development 
was likely due to the selective pressure exerted by beta lactum 
producing soil organisms found in the environment104 The first 
plasmid mediated beta lactamase in gram negatives, TEM-1, was 
described in early 1960s. The TEM-1 enzyme was originally 
found in a single strain of E. coli isolated from blood culture of a 
patient named Temoniera in Greece. Being plasmid mediated has 
fecilitated the spread of TEM-1 to other species of bacteria. Within 
a few years of its first isolation, the TEM-1 beta lactamase spread 
worldwide and is now found in many different species of members 
of the family Enterobacteriaceae, Pseudomonas, Haemophillus 
influenza and Niesseria gonorrhoeae. Another plasmid mediated 
beta lactamase found in Klebsiella pneumonae and E coli is 
SHV-1. The SHV-1 beta lactamase is chromosomally encoded 
in the majority of isolates of Klebsiella but is usually plasmid 
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mediated in E coli.
Over the last 20 years many new beta lactum antibiotics have 
been developed that were specially designed to be resistant to the 
hydrolytic action of beta lactamases. However with each new class 
that was used to treat patients, new beta lactamases emerged that 
caused resistance to that class of drug. It may be due to the selective 
pressure of the use and overuse of new antibiotics in the treatment 
of patients and has selected for new variants of beta lactamases. 
One of the new classes was the oxi-imino cephalosporins, which 
were widely used for the treatment of serious infections due to 
gram negative bacteria in 1980s.
Resistance to these extended spectrum beta lactum antibiotics 
due to beta lactamases developed quickly. The first of these 
enzymes capable of hydrolyzing the newer beta lactamas SHV-2 
was found in Klebsiella ozaenae isolated in Germany. Because of 
their increased spectrum of activity, especially against oxyimino-
cephalosporins, these enzymes were called extended spectrum beta 
lactamases (ESBL). Today over 150 different ESBLs have been 
described. These beta lactamases have been found worldwide in 
many different genera of Enterobacteriaceae and P. aeruginosa.

II. Characterization of Esbls
The majority of  ESBLs contain a serine at the extreme site and 
belong to Ambler’s class A. Class A enzymes are characterized by 
active site serine and the preferential hydrolysis of Penicillin108. 
Class A beta lactamases include such enzymes as TEM-1 and 
SHV-1 and Penicillinase found in Staph aureus.
The classification scheme of Richmond and Sykes was based on 
the substrate profile and the location of the gene encoding the 
beta lactamase.
More recently a classification was devised by Bush, Jacoby and 
Medeiros that uses the biochemical properties of the enzymes plus 
the molecular structure and molecular sequencing of the genes to 
place beta lactamases into functional groups. Using this scheme, 
ESBLs are defined as beta lactamases capable of hydrolyzing 
oximino-cephalosporins that are inhibited by clavulanic acid.
ESBLs are not active against cephamycins and most strains 
expressing ESBLs are susceptible to cefoxitin and cefotetan. 
However, it has been reported that ESBL producing strains can 
become resistant to cephamycins due to loss of an outer membrane 
porin protein.

III. Types Of ESBLS
Most ESBLs are derivatives of TEM and SHV enzymes. There 
are now more than 90 TEM type beta lactamases and more than 
25 SHV type enzymes and OXA extended spectrum and inhibitor 
resistant beta lactamases. TEM and SHV type ESBLs are most 
often found in E. coli and K. pneumonae. However they have 
also been found in Proteus sp., Providencia sp. and other genera 
of Enterobacteriaceae. 

A. TEM
TEM-1 is the most commonly encountered beta lactamase in gram 
negative bacteria. Upto 90% of ampicillin resistance in E. coli is 
due to the production of TEM-1. This enzyme is also responsible 
for the ampicillin and penicillin resistance that is seen in H. 
influenzae and N. gonnorhoeae in increasing numbers. TEM-1 
is able to hydrolyze penicillin and early cephalosporins such as 
cephalothin and cephaloridine. TEM-2 is the first derivative of 
TEM-1. Some of these beta lactamases are inhibitor resistant 
enzymes but the majority of new derivatives are ESBLs.

A. Inhibitor Resistant Beta Lactamases
Although the inhibitor resistant beta lactamases are not ESBLs 
they are often discussed with ESBLs because they are also the 
derivatives of classical TEM and SHV type enzymes. In the early 
90’s beta lactams that were resistant to inhibition by clauvallinic 
acid were discovered. Although the inhibitor resistant TEM variants 
are resistant to inhibition by clauvallinic acid and sulbactum 
thereby showing clinical resistance to beta lactum+beta lactamase 
inhibitor combination of amoxicillin clavulanate and ticarcillin  
clavulanate and ampicillin sulbactum, they remain susceptible 
to inhibition by tazobactum and subsequently combination of 
Pipracillin tazobactum116-117.

B. SHV
The SHV-1 beta lactamase is most commonly found in Klebsiella 
pneumonieae and is responsible for upto 20% of the plasmid 
mediated ampicillin resistance in this species. Till date the majority 
of SHV type derivatives possess the ESBL phenotype however 
one variant SHV-10 is reported to have an inhibitor resistant 
phenotype. The majority of SHV type ESBLs are found in strains 
of Klebsiella pneumonieae however these enzymes have also been 
found in Citrobacter, E. coli and Pseudomonas aeruginosa.

C. CTX-M  
In recent years a new family of plasmid mediated ESBLs called 
CTX-M that preferentially hydrolyze cefotaxime has been 
discovered. They have mainly been found in strains of Salmonella 
and E. coli but have also been described in other species of family 
Enterobacteriaceae. CTX-M type beta lactamase hydrolyze 
cephalothin or cephaloridin better than benzyl penicillin and they 
preferentially hydrolyze cefotaxime over ceftazidime.
In addition to the rapid hydrolysis of cefotaxime, another 
unique feature of these enzymes is that they are inhibited better 
by beta lactamase inhibitor tazobactum than sulbactum and   
clavulanate.

D. OXA
OXA type enzymes are another growing family of ESBLs.These 
beta lactamases differ from TEM and SHV enzymes in that they 
belong to molecular class D. OXA- type beta lactamase confer 
resistance to ampicillin and cephalothin and are characterized 
by their high hydrolytic activity against oxacillin and cloxacillin 
and the fact that they are poorly inhibited by clauvallinic acid110. 
While most ESBLs have been found in E. coli, K. pneunoniae and 
other enterobacteriaceae, the OXA type ESBLs have been found 
mainly in Pseudomonas aeruginosa with respect to beta lactamase 
inhibitors, the original OXA enzymes were characterized by their 
lack of inhibition by clauvallinic acid.

IV. Clinical Microbiology Techniques
Clinical microbiology tests employ a beta lactamase inhibitor, 
usually clavulanate in combination with an oxy imino cephalosporin 
such as ceftazidime or cefotaxime. In these tests clavulanate 
inhibits the ESBLs, thereby reducing the level of resistance to 
cephalosporins.
Several ESBL detection tests that have been proposed are based 
on the Kirby Bauer Disc Diffusion Test methodology. One of 
the first test to be described was double disc approximation test 
described by Jerlier et al.127
In this test the organism is swabbed on a Mueller Hinton plate. A 
disc containing amoxicillin-clavulanate is placed in the centre of 
the plate and disc containing one of the oxyimino-beta–lactum 
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antibiotics, ceftazidime or cefotaxime are placed 30 mm (centre 
to centre) from the amoxy clauvallinic disc.
Enhancement of the zone of inhibition of the oxyimino-beta-
lactum antibiotic caused by the synergy of clavulanate in the 
amoxy –clauvallinic acid disc is the positive result. This test 
remains a reliable method for the detection of ESBLs however it 
has been suggested that the sensitivity of the test can be increased 
by decreasing the distance between the discs to 20mm.
Recently several commercial manufacturers have developed discs 
that contain an extended spectrum cephalosporin +clavulanate. A 
difference between results obtained with 10 ug discs containing 
cefpodoxime, ceftazidime or cefotaxime with or without the 
addition of 1 ug clavulanate was shown to accurately detect the 
presence of ESBL.
The NGCLS recommends an initial screening by testing for growth 
in a broth medium containing 1ug/ml of one of the five extended 
spectrum beta lactum antibiotics. A positive result is to be reported 
as suspicious for the presence of an ESBL. This screening is 
then followed by a phenotype confirmatory test that consists of 
determining MICS of either Ceftazidime or cefotaxime with or 
without the presence of clauvallinic acid (4ug/ml). a decrease in 
MIC of equal to or more than 3 two fold dilutions in the presence 
of clavulanate is indicative of the presence of an ESBL. If an ESBL 
is detected , the strain should be reported as non susceptible to 
all extended spectrum cephalosporins and aztreonam regardless 
of the susceptibility result .
Several commercial manufacturers have developed ESBL 
detection tests that can be used along with MIC test methodsin 
the clinical laboratory. E test ESBL strips are two sided strips that 
contain a gradient of ceftazidime on one end and a ceftazidime plus 
clavulanate on the other end. A positive test for an ESBL is a >3 
dilution reduction in the MIC of the ceftazidime in the presence 
of clavulanic acid. This test is shown to be more sensitive than 
double disc diffusion test in detecting the clinical isolates.133.
The automated microbial susceptibility test system vitex has 
also produced an ESBL test that utilizes either ceftazidime of 
cefotaxime alone and in combination with clavulanic acid (4ug/
ml). A predetermined reduction in growth in wells containing 
clavulanate compared to those containing drug alone indicates the 
presence of ESBL. Sanders et al showed that the Vitek ESBL test 
was 99% sensitive and specific for the detection of ESBL134.
While each of these tests has its merits, none of these methods can 
accurately detect all the strains producing ESBLs. Vercanteren et 
al showed that the E test ESBL test with ceftazidime only detected 
81% of ESBL tested in their laboratory, compared to 97 and 91 % 
for the double disk and three dimentional  test respectively135. 
Tzelepi et al have reported that Vitek ESBL detection test failed 
to detect the majority of ESBL producing strains of Enterobacter 
spp.
Of all the tests that have been developed so far , the double disk 
approximation test recommended by Jerlier et al. and the broth 
dilution MIC reduction methods (NCCLS confirmatory test) are 
the easiest and most effective methods for use by many clinical 
laboratories. However none of the one detection tests that are 
based on the phenotype of the beta lactamase produced are 100% 
sensitive or specific for the accurate detection of ESBLs among 
clinical isolates of gram negative bacteria. 

V. Molecular Detection Methods
The tests described so far only presumptively identify the presence 
of an ESBL. The task of identifying which specific ESBL is present 
in a clinical isolate is more complicated. In the early days of 

studying ESBLs determination of the isoelectric point was usually 
sufficient to identify the ESBL but because many beta lactamases 
have identical isoelectric points their determination by this method 
is no longer possible.
Early detection of beta lactamase genes was performed using 
DNA probes that were specific to TEM and SHV enzymes. 
However using DNA probes can sometimes be labour intensive. 
The easiest and most common molecular method used to detect 
the presence of beta lactamase belonging to a family of enzymes 
is PCR with oligonucleotide primers that are specific for a beta 
lactamase gene.
The first molecular method for the identification of beta lactamase 
was the oligotyping method developed by Quellette et al., which 
was used to discriminate between TEM-1 and TEM-2.
A number of different tests have been proposed for the detection 
and identification of  SHV derivatives. The simplest of these 
was suggested by Nuesch- Inderbinen et al and employs PCR-
RFLP.

VI. Medical Significance of Detection Of ESBLs
It is generally thought that patients having infection caused by an 
ESBL producing organism are at an increased risk of treatment 
failure with an extended spectrum beta lactum antibiotic. Therefore 
it is recommended that any organism that is confirmed for ESBL 
production be reported as resistant to all extended spectrum beta 
lactum antibiotics regardless of   the susceptibility test results. In 
contrast the susceptibility test results of the beta – lactam-beta 
– lactamase inhibitor combination can be reported as is. There 
have been several reports that these inhibitor combinations may 
provide a viable alternative for the treatment of infections caused 
by ESBL producingorganisms.
ESBLs are now a problem in hospitalized patients worldwide. The 
prevalence of ESBLs among clinical isolates varies from country 
to country and from institution to institution. A common theme 
among hospitals plagued by organisms that produce ESBLs is 
the high volume and indiscriminate administration of extended 
spectrum cephalosporins.
Several investigations suggest that some infections such as mild 
pneumonia and urinary tract infections can successfully be treated 
by using mild antibiotics. Antibiotics should also be used judicially 
to reduce antibiotic resistance. Combination antibiotic therapy has 
also been proposed to reduce the emergence of resistance.
Early outbreaks of ESBL producing organisms were caused by 
isolates that produce only single beta lactamase. More recently 
outbreaks have been caused by organisms with multiple beta 
lactamases. This combination of non ESBL class A enzymes 
and amp-C type enzymes along with ESBL often compound the 
resistance, so that many of these strains are now resistant to beta 
–lactam-beta-lactamase inhibitor combinations, cephamycins and 
even carbapenums in addition to the oxy-imino-cephalosporins 
and aztreonam.
In addition there is a high association of ciprofloxacin resistance 
in strains that produce ESBLs. It has been found that many of the 
reported outbreaks were successfully managed using infection 
control methods, restriction of the use of oxy-imino cephalosporins 
and antibiotic cycling. Antibiotic class cycling has been advocated 
as a potential strategy for reducing the emergence of antimicrobial 
resistance. A successful approach to the control of the spread 
of ESBL producing organism involved switching to different 
classes of broad spectrum antibiotics for the treatment of serious 
infection. The two most successful replacement antibiotics have 
been imipenum amd pipracillin plus tazobactum.
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It has been reported that the use of beta lactam-beta-lactam 
inhibitor combinations result in a protective effect in that they 
are associated with a lower incidence of colonization with an 
ESBL producing isolate. Also by making correct and optimal 
use of medical practices, development and spread of nosocomial 
infections can be prevented.  These include limited use of central 
venous catheters and other catheters and following strict hygienic 
precautions during catheter insertion and maintenance. This reduces 
the infection rate to a great extent. The next most important step 
to decrease the spread of nosocomial infections is hand washing. 
This third important step is to use gloves and gowns. 
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