
	 Journal of Global Infectious Diseases / Sep-Dec 2010 / Vol-2 / Issue-3	 263
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Extended-spectrum ß-lactamases (ESBLs) are a group of plasmid-mediated, diverse, complex and rapidly evolving enzymes 
that are posing a major therapeutic challenge today in the treatment of hospitalized and community-based patients. Infections 
due to ESBL producers range from uncomplicated urinary tract infections to life-threatening sepsis. Derived from the older TEM 
is derived from Temoniera, a patient from whom the strain was first isolated in Greece. ß-lactamases, these enzymes share the 
ability to hydrolyze third-generation cephalosporins and aztreonam and yet are inhibited by clavulanic acid. In addition, ESBL-
producing organisms exhibit co-resistance to many other classes of antibiotics, resulting in limitation of therapeutic option. Because 
of inoculum effect and substrate specificity, their detection is also a major challenge. At present, however, organizations such 
as the Clinical and Laboratory Standards Institute (formerly the National Committee for Clinical Laboratory Standards) provide 
guidelines for the detection of ESBLs in Klebsiella pneumoniae, K. oxytoca, Escherichia coli and Proteus mirabilis. In common 
to all ESBL-detection methods is the general principle that the activity of extended-spectrum cephalosporins against ESBL-
producing organisms will be enhanced by the presence of clavulanic acid. Carbapenems are the treatment of choice for serious 
infections due to ESBL-producing organisms, yet carbapenem-resistant isolates have recently been reported. ESBLs represent 
an impressive example of the ability of gram-negative bacteria to develop new antibiotic-resistance mechanisms in the face of the 
introduction of new antimicrobial agents. Thus there is need for efficient infection-control practices for containment of outbreaks; 
and intervention strategies, e.g., antibiotic rotation to reduce further selection and spread of these increasingly resistant pathogens.

Key words: Extended-spectrum ß-lactamases, Gram negative bacteria (GNB) and Antimicrobial resistance

DOI: 10.4103/0974-777X.68531	 www.jgid.org

INTRODUCTION

Extended-spectrum ß-lactamases (ESBLs) are a 
rapidly evolving group of  ß-lactamases which share 

the ability to hydrolyze third-generation cephalosporins 
and aztreonam but are inhibited by clavulanic acid. 
They represent the first example in which ß-lactamase–
mediated resistance to ß-lactam antibiotics resulted from 
fundamental changes in the substrate spectra of  the  
enzymes.[1] 

The total number of  ESBLs now characterized exceeds 
200. These are detailed on the authoritative website on 
the nomenclature of  ESBLs hosted by George Jacoby 
and Karen Bush (http://www.lahey.org/studies/webt.
htm). Published research on ESBLs has now originated 
from more than 30 different countries, reflecting the 
truly worldwide distribution of  ESBL-producing  
organisms.

Enterobacteriaceae, especially Klebsiella spp.-producing 
ESBLs such as SHV and TEM types, have been established 
since the 1980s as a major cause of  hospital-acquired 
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infections. However, during the late 1990s, several 
community-acquired pathogens that commonly cause 
urinary tract infections and diarrhea have also been found 
to be ESBL producers. These include Escherichia coli, 
Salmonella, Shigella and Vibrio cholerae.[2-4]

ESBLs are often encoded by genes located on large 
plasmids, and these also carry genes for resistance to other 
antimicrobial agents such as aminoglycosides, trimethoprim, 
sulphonamides, tetracyclines and chloramphenicol. [5] 
Recent studies have demonstrated fluoroquinolone 
resistance mediated by co-transfer of  the qnr determinant 
on ESBL-producing plasmids. [6,7] Thus, very broad 
antibiotic resistance extending to multiple antibiotic 
classes is now a frequent characteristic of  ESBL-producing 
enterobacterial isolates. As a result, ESBL-producing 
organisms pose a major problem for clinical therapeutics. 
This review attempts to present a comprehensive picture 
on the basis of  the currently available literature about this 
diverse, complex and rapidly evolving group of  enzymes.
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RESISTANCE TO ß-LACTAMS 

ß-Lactams are a group of  antibiotics acting on the cell wall of  
a bacterial cell. These include the penicillins, cephalosporins, 
carbapenems and monobactems. These bind to and inhibit 
the carboxypeptidases and transpeptidases. These are the 
cell wall synthesizing enzymes, also called the penicillin-
binding proteins, or PBPs, that catalyze the D-ala D-ala 
cross linkages of  the peptidoglycan wall that surrounds 
the bacterium. As a result, there is weakening of  the cell 
wall structure, leading to cell lysis.

Resistance to ß-lactams has probably arisen throughout 
bacterial history but has become a useful and therefore 
selected trait since the ß-lactam antibiotics came into 
clinical use. These drugs exerted a Darwinian selection, 
killing susceptible bacteria and allowing the resistant ones 
to survive.

Resistance to ß-lactams may be inherent to a particular 
species, as seen in enterococci, which have inherently 
insensitive PBPs. Alternately, it may be acquired through 
spontaneous mutation or DNA transfer. Functionally, 
ß-lactam resistance may be a result of  the production 
of  ß-lactamases, impermeability, efflux and target 
modification. These modalities may occur singly or in 
different combinations.

The most common causes of  resistance in gram-positive 
cocci like pneumococci and MRSA are changes in the 
normal PBPs or acquisition of  additional ß-lactam–
insensitive PBPs. However, in the gram-negative bacteria, 
resistance is mostly due to a combination of  endogenous 
acquired ß-lactamases, along with natural up-regulated 
impermeability and efflux.[8]

DEFINITION OF EXTENDED-SPECTRUM 
ß-LACTAMASES 

There is no consensus on the precise definition of  ESBLs. 
A commonly used working definition is that, ESBLs are 
ß-lactamases capable of  conferring bacterial resistance 
to the penicillins; first-, second- and third-generation 
cephalosporins; and aztreonam (but not the cephamycins 
or carbapenems) by hydrolysis of  these antibiotics, and 
which are inhibited by ß-lactamase inhibitors such as 
clavulanic acid.[2]

The Ambler molecular classification and the Bush-Jacoby-
Medeiros functional classification are the two most 
commonly used classification systems for ß-lactamases.[9-11] 
Ambler scheme divides ß-lactamases into four major 

classes (A to D). The basis of  this classification scheme 
rests upon protein homology (amino acid similarity) and 
not phenotypic characteristics. In the Ambler classification 
scheme, ß-lactamases of  classes A, C and D are serine 
ß-lactamases. In contrast, the class B enzymes are metallo-
ß-lactamases. With the exception of  OXA-type enzymes 
(which are class D enzymes), the ESBLs are of  molecular 
class A. 

The Bush-Jacoby-Medeiros classification scheme 
groups ß-lactamases according to functional similarities 
(substrate and inhibitor profile). There are four main 
groups and multiple subgroups in this system. This 
classification scheme is of  much more immediate 
relevance to the physician or microbiologist in a 
diagnostic laboratory because it considers ß-lactamase 
and ß-lactam substrates that are clinically relevant. In this 
classification, ESBLs belong to group 2be or group 2d 
(OXA-type), the latter sharing most of  the fundamental 
properties of  group 2be enzymes though differing in 
being inhibitor resistant.[10] 

The 2be designation shows that these enzymes are derived 
from group 2b ß-lactamases (for example, TEM-1, TEM-2 
and SHV-1); the ‘e’ of  2be denotes that the ß-lactamases 
have an extended spectrum. The ESBLs derived from 
TEM-1, TEM-2 or SHV-1 differ from their progenitors 
by as few as one amino acid. This results in a profound 
change in the enzymatic activity of  the ESBLs, so that they 
can now hydrolyze the third-generation cephalosporins or 
aztreonam (hence the extension of  spectrum compared to 
the parent enzymes). 

Inhibition by ß-lactamase inhibitors such as clavulanic acid 
and inability to hydrolyze cephamycins differentiates the 
ESBLs from the AmpC-type ß-lactamases (group 1), which 
have third-generation cephalosporins as their substrates 
but which are not inhibited by clavulanic acid. Selection 
of  stably de-repressed mutants which hyperproduce 
the AmpC-type ß-lactamases has been associated with 
clinical failure when third-generation cephalosporins are 
used to treat serious infections with organisms producing 
these enzymes.[12-14] In general, the fourth-generation 
cephalosporin, cefepime, is clinically useful against 
organisms producing AmpC-type ß-lactamases[15] but may 
be less useful in treating ESBL-producing organisms.[16] 
Additionally, the metalloenzymes (group 3) produced by 
organisms such as Stenotrophomonas maltophilia can hydrolyze 
third-generation cephalosporins (and carbapenems) but 
are inhibited by ethylenediaminetetraacetic acid (EDTA),a 
heavy-metal chelator but not clavulanic acid.[17] 
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EVOLUTION AND DISSEMINATION OF ESBLS

ß-lactamases may be chromosomally encoded and universally 
present in a species or plasmid mediated. The chromosomal 
enzymes are believed to have evolved from PBPs with which 
they show same-sequence homology. This was probably 
a result of  the selective pressure exerted by ß-lactam–
producing soil organisms found in the environment.[18]

The first plasmid-mediated ß-lactamase in gram-negative 
bacteria TEM 1 was described in the early 1960s.[18] It was 
so designated as it was isolated from the blood culture 
of  a named Temoniera in Greece. Being plasmid and 
transposon mediated, TEM-1 enzymes spread worldwide 
and are now found in many different species of  the family 
Enterobacteriaceae, Pseudomonas aeruginosa, Hemophilus 
influenza and Neissiria gonorrhea. SHV-1 (for sulphydral 
variable type 1) is another ß-lactamase commonly found 
in Klebsiella and Escherichia coli. Over the years, the use of  
newer ß-lactam antibiotics has enabled selection of  new 
variants of  ß-lactamases.

In the early 1980s, the third-generation, or oxy-imino, 
cephalosporins were introduced into clinical practice in 
response to the increasing prevalence and spread of  the 
ß-lactamases. Resistance to these extended-spectrum 
cephalosporins emerged quickly, and the first report of  
an SHV-2 enzyme which was capable of  hydrolyzing these 
antibiotics was published as early as 1983 from Germany. 

These enzymes were called extended-spectrum ß-lactamases 
because of  their increased spectrum of  activity, especially 
against the oxyimino cephalosporins. There are several 
groups of  ESBLs with similar behavior but different 
evolutionary histories The largest groups are the mutants 
of  TEM and SHV ß-lactamases, with over 150 members. 
The mutations which affect a small number of  critical 
amino acids enlarge the enzyme’s active site and enable it 
to deflect the oxyimino substitutes, which normally shield 
the ß-lactam ring. As a result, whereas the classical TEM 
and SHV enzymes are unable to significantly hydrolyze the 
oxyimino cephalosporins, the mutants can do so, conferring 
resistance to their host strains.[8] 

The second largest group of  ESBLs is the CTX-M 
enzymes. Based on sequence homology, these are 
divided into five subgroups with around 40 members. 
Most of  these subgroups have evolved as a result of  the 
chromosomal ß-lactamase genes escaping from Kluvera 
spp., an enterobacterial genus of  little clinical importance. 
Having migrated to mobile DNA, the CTX-M ß-lactamases 
may evolve further. Enterobacteriaceae (mostly Escherichia 

coli) producing the CTX-M enzymes have been identified, 
predominantly from the community, as a cause of  
urinary tract infections.[2-4] Various reports suggest that 
the CTX-M–type ESBLs may now actually be the most 
frequent ESBL type worldwide.[8]

The OXA-type ß-lactamases (group 2d) are so named 
because of  their oxacillin-hydrolyzing abilities. They 
predominantly occur in Pseudomonas aeruginosa[19] but have 
been detected in many other gram-negative bacteria.[20] The 
OXA-type ESBLs were originally discovered in Pseudomonas 
aeruginosa isolates from Turkey. The evolution of  ESBL 
OXA-type ß-lactamases from parent enzymes with 
narrower spectra has many parallels with the evolution of  
SHV- and TEM-type ESBLs. OXA-10 hydrolyzes (weakly) 
cefotaxime, ceftriaxone and aztreonam, giving most 
organisms reduced susceptibility to these antibiotics; but 
OXA-11, -14, -16, -17, -19, -15, -18, -28, -31, -32, -35 and 
-45 confer frank resistance to cefotaxime and sometimes 
ceftazidime and aztreonam.[21-26] The simultaneous 
production of  a carbapenem-hydrolyzing metalloenzyme 
and an aztreonam-hydrolyzing OXA enzyme can readily 
lead to resistance to all ß-lactam antibiotics.[26] 

A variety of  other ß-lactamases (PER, VEB, GES.BES.TLA, 
SFO, IBC groups) which are plasmid-mediated or integron-
associated class A enzymes have been discovered. [27-36] 
They are not simple point-mutant derivatives of  any 
known ß-lactamases and have been found in a wide range 
of  geographic locations. Novel chromosomally encoded 
ESBLs have also been described. [37] 

METHODS FOR ESBL DETECTION 

ESBL testing involves two important steps. The first is a 
screening test with an indicator cephalosporin which looks 
for resistance or diminished susceptibility, thus identifying 
isolates likely to be harboring ESBLs. The second one 
tests for synergy between an oxyimino cephalosporin and 
clavulanate, distinguishing isolates with ESBLs from those 
that are resistant for other reasons. 

Screening for ESBL producers 

Disk-Diffusion methods
The Clinical and Laboratory Standards Institute (CLSI) 
has proposed disk-diffusion methods for screening for 
ESBL production by Klebsiellae pneumoniae, K. oxytoca, 
Escherichia coli and Proteus mirabilis. Laboratories using 
disk-diffusion methods for antibiotic susceptibility testing 
can screen for ESBL production by noting specific zone 
diameters which indicate a high level of  suspicion for 
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ESBL production. Cefpodoxime, ceftazidime, aztreonam, 
cefotaxime or ceftriaxone disks are used. Since the affinity 
of  ESBLs for different substrates is variable, the use of  
more than one of  these agents for screening improves 
the sensitivity of  detection.[38] However, it is adequate 
to use cefotaxime, which is consistently susceptible to 
CTX-M; and ceftazidime, which is a consistently good 
substrate for TEM and SHV variants. If  only one drug 
can be used, then the single best indicator has been found 
to be cefpodoxime. [8,39,40] However, it has been seen that 
susceptibility testing with cefpodoxime can lead to a high 
number of  false-positive results which can be due to 
mechanisms other than ESBL production.[8] 

If  isolates show resistance or diminished susceptibility to 
any of  these five agents, it indicates suspicion for ESBL 
production, and phenotypic confirmatory tests should be 
used to ascertain the diagnosis. 

Screening by dilution antimicrobial susceptibility yests
The CLSI has proposed dilution methods for screening 
for ESBL production by Klebsiellae pneumoniae and K 
oxytoca, Escherichia coli and Proteus mirabilis. Ceftazidime, 
aztreonam, cefotaxime or ceftriaxone can be used at a 
screening concentration of  1 µg/mL or cefpodoxime at a 
concentration of  1 µg/mL for Proteus mirabilis; or 4 µg/mL, 
for the others. Growth at or above this screening antibiotic 
concentration is suspicious of  ESBL production and is an 
indication for the organism to be tested by a phenotypic 
confirmatory test.[38]

PHENOTYPIC CONFIRMATORY TESTS FOR ESBL 
PRODUCTION

Cephalosporin/clavulanate combination disks 

The CLSI advocates use of  cefotaxime (30 µg) or 
ceftazidime (30 µg) disks with or without clavulanate 
(10 µg) for phenotypic confirmation of  the presence 
of  ESBLs in Klebsiellae and Escherichia coli, P. mirabilis and 
Salmonella species. The CLSI recommends that the disk tests 
be performed with confluent growth on Mueller-Hinton 
agar. A difference of  ≥5 mm between the zone diameters 
of  either of  the cephalosporin disks and their respective 
cephalosporin/ clavulanate disks is taken to be phenotypic 
confirmation of  ESBL production.[38] 

For Enterobacter spp. C freundii, Morganella, Providentia and 
Serratia spp., it is better to use cefepime or cefpirome in 
the confirmatory tests as they are less prone to attack by 
the chromosomal AmpC beta lactamases, which may be 
induced by clavulanate in these species.[8]

Broth microdilution 

Phenotypic confirmatory testing can also be performed 
by broth microdilution assays using ceftazidime (0.25-128 
µg/mL), ceftazidime plus clavulanic acid (0.25/4 - 128/4 
µg/mL), cefotaxime (0.25-64 µg/mL), or cefotaxime 
plus clavulanic acid (0.25/4 - 64/4 µg/mL).[41] Broth 
microdilution is performed using standard methods. 
Phenotypic confirmation is considered as ≥3 twofold serial-
dilution decreases in minimum inhibitory concentration 
(MIC) of  either cephalosporin in the presence of  clavulanic 
acid compared to its MIC when tested alone. 

Steward and colleagues[39] suggested using cefoxitin 
susceptibility in isolates with positive screening tests but 
negative confirmatory tests as a means of  deducing the 
mechanism of  resistance. ESBL-producing isolates appear 
susceptible, while those with plasmid AmpC enzymes are 
resistant. However, resistance to cefoxitin seems to be 
increasing in ESBL-producing isolates due to efflux or 
permeability changes or coexistence of  ESBLs with AmpC 
enzymes. The usefulness of  this screen test may thus be 
diminishing. 

Quality control when performing screening and 
phenotypic confirmatory tests 

Quality control recommendations are that simultaneous 
testing with a non–ESBL-producing organism (Escherichia 
coli ATCC 25922) and an ESBL-producing organism 
(Klebsiella pneumoniae ATCC 700603) also be performed.[38] 

Implications of positive phenotypic confirmatory 
tests 

According to CLSI guidelines, isolates which have a 
positive phenotypic confirmatory test should be reported 
as resistant to all cephalosporins (except the cephamycins, 
cefoxitin and cefotetan) and aztreonam, regardless of  
the MIC of  that particular cephalosporin. Penicillins 
(for example, piperacillin or ticarcillin) are reported as 
resistant regardless of  MIC, but ß-lactam/ ß-lactamase 
inhibitor combinations (for example, ticarcillin-clavulanate 
or piperacillin-tazobactam) are reported as susceptible if  
MICs or zone diameters are within the appropriate range.

OTHER METHODS AVAILABLE FOR ESBL 
DETECTION 

Several other tests have been developed to confirm the 
presence of  ESBLs. 
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Double-disk synergy test

In this, test disks of  third-generation cephalosporins 
and augmentin are kept 30 mm apart, center to center, 
on inoculated Mueller-Hinton agar (MHA).[40] A clear 
extension of  the edge of  the inhibition zone of  
cephalosporin towards augmentin disk is interpreted as 
positive for ESBL production. Evaluations of  the double-
disk diffusion test have revealed sensitivities of  the method 
ranging from 79% to 97% and specificities ranging from 
94% to 100%.[42-46] While the double-disk diffusion test is 
technically simple, the interpretation of  the test is quite 
subjective. Sensitivity may be reduced when ESBL activity 
is very low, leading to wide zones of  inhibition around the 
cephalosporin and aztreonam disks, especially for Proteus 
mirabilis.[47] False-negative results have been observed with 
isolates harboring SHV-2,[42,45] SHV-3[43] or TEM-12.[46] In 
isolates which are suspicious for harboring ESBLs but are 
negative using the standard distance of  30 mm between 
disks, the test should be repeated using closer (for example, 
20 mm) or more distant (for example, 40 mm) spacing.[43,45] 

A falsely positive test occurs for organisms such as 
Stenotrophomonas maltophilia because aztreonam is not a 
substrate for the metalloenzymes, and clavulanic acid 
inhibits other ß-lactamases produced by this organism.[48] 

Three-dimensional test

The three-dimensional test gives phenotypic evidence 
of  ESBL-induced inactivation of  extended-spectrum 
cephalosporins or aztreonam without relying on 
demonstration of  inactivation of  the ß-lactamases by a 
ß-lactamase inhibitor.[45] In this test, the surface of  the 
susceptibility plate is inoculated by standard methods for 
disk-diffusion testing, but additionally a circular slit is cut in 
the agar concentric with the margin of  the plate. A heavy 
inoculum of  the test organism (109 to 1010 CFU of  cells) 
is pipetted into the slit. ß-lactam–impregnated disks are 
then placed on the surface of  the agar 3 mm outside of  the 
inoculated circular slit. ß-lactamase–induced inactivation 
of  each test antibiotic is detected by inspection of  the 
margin of  the zone of  inhibition in the vicinity of  its 
intersection with the circular three-dimensional inoculation. 
The presence of  ß-lactamase–induced drug inactivation 
is visualized as a distortion or discontinuity in the usually 
circular inhibition zone or as the production of  discrete 
colonies in the vicinity of  the inoculated slit. 

Inhibitor-potentiated disk-diffusion test

Antibiotic disks containing ceftazidime (30 µg), cefotaxime 

(30 µg), ceftriaxone (30 µg) and aztreonam (30 µg) are 
placed on the clavulanate-containing agar plates and regular 
clavulanate-free Mueller-Hinton agar plates.[43] A difference 
in ß-lactam zone width of  ≥10 mm in the two media 
was considered positive for ESBL production. A major 
drawback of  the method is the need to freshly prepare 
clavulanate-containing plates. The potency of  clavulanic 
acid begins to decrease after 72 hours.

Cephalosporin/clavulanate combination disks on 
iso-sensitest agar 

The British Society for Antimicrobial Chemotherapy has 
recommended the disk-diffusion method for phenotypic 
confirmation of  ESBL presence using ceftazidime-
clavulanate and cefotaxime-clavulanate combination disks, 
with semiconfluent growth on Iso-Sensitest agar (rather 
than confluent growth on Mueller-Hinton agar). A ratio 
of  cephalosporin/clavulanate zone size to cephalosporin 
zone size of  1.5 or greater was taken to signify the presence 
of  ESBL activity. Using this method, the sensitivity of  the 
test for detecting ESBLs was 93% using both ceftazidime 
and cefotaxime. The test did not detect ESBL production 
by strains producing SHV-6.[49] 

Disk approximation test 

Cefoxitin (inducer) disk is placed at a distance of  2.5 
cm from cephalosporin disk.[47] Production of  inducible 
ß-lactamase is indicated by flattening of  the zone of  
inhibition of  the cephalosporin disk towards inducer disk 
by >1 mm.

COMMERCIALLY AVAILABLE METHODS FOR 
ESBL DETECTION

Vitek ESBL test 

A specific card which includes tests for ESBL production 
has now been FDA approved. The Vitek ESBL test 
(bioMerieux Vitek, Hazelton, Missouri) utilizes cefotaxime 
and ceftazidime, alone (at 0.5 µg/mL) and in combination 
with clavulanic acid (4 µg/mL). Inoculation of  the cards is 
identical to that performed for regular Vitek cards. Analysis 
of  all wells is performed automatically once the growth 
control well has reached a set threshold (4-15 hours of  
incubation). A predetermined reduction in the growth of  
the cefotaxime or ceftazidime wells containing clavulanic 
acid, compared with the level of  growth in the well with 
the cephalosporin alone, indicates presence of  ESBL. 
Sensitivity and specificity of  the method exceed 90%.[50]
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E Test

The E test ESBL strip (AB Biodisk, Solna, Sweden) carries 
two gradients: on the one end, ceftazidime; and on the 
opposite end, ceftazidime plus clavulanic acid.[46] MIC is 
interpreted as the point of  intersection of  the inhibition 
ellipse with the E test strip edge. A ratio of  ceftazidime 
MIC to ceftazidime-clavulanic acid MIC equal to or greater 
than 8 indicates the presence of  ESBL. The reported 
sensitivity of  the method as a phenotypic confirmatory 
test for ESBLs is 87% to 100%,[43,46,51] and the specificity is 
95% to 100%. The availability of  cefotaxime strips, as well 
as ceftazidime strips, improves the ability to detect ESBL 
types, which preferentially hydrolyze cefotaxime, such as 
CTX-M–type enzymes.[2]

MicroScan panels 

MicroScan panels (Dade Behring MicroScan, Sacramento, 
CA.) comprise dehydrated panels for microdilution 
antibiotic susceptibility. Those used for ESBL detection 
which contain combinations of  ceftazidime or cefotaxime 
plus ß-lactamase inhibitors have received Food and Drug 
Administration approval; and in studies of  large numbers 
of  ESBL-producing isolates, they have appeared to be 
highly reliable.[52-54]

Becton Dickinson (BD) Phoenix Automated Microbiology System 
Becton Dickinson Biosciences (Sparks, Md) have introduced 
a short-incubation system for bacterial identification and 
susceptibility testing, known as BD Phoenix.[55-57] The 
Phoenix ESBL test uses growth response to cefpodoxime, 
ceftazidime, ceftriaxone and cefotaxime, with or without 
clavulanic acid, to detect the production of  ESBLs. The test 
algorithm has been delineated by Sanguinetti et al.[56] Results 
are usually available within 6 hours. The BD Phoenix ESBL 
detection method detected ESBL production in greater 
than 90% of  strains genotypically confirmed to produce 
ESBLs. The method correctly detected ESBL production 
by Enterobacter, Proteus and Citrobacter spp., in addition to 
Klebsiellae and Escherichia coli.[56]

PROBLEMS IN DETECTION

Identifying ESBL-producing organisms is a major challenge 
for the clinical microbiology laboratory. Multiple factors 
contribute to this, including production of  multiple 
different ß-lactamase types by a single bacterial isolate and 
the production of  ESBLs by organisms that constitutively 
produce the AmpC ß-lactamases, varying substrate 
affinities and the inoculum effect.

The phenotypic confirmatory tests are highly sensitive 
and specific compared to genotypic confirmatory tests. 
However, there are a number of  instances whereby the 
phenotypic confirmatory tests may be falsely positive or 
negative. 

Klebsiella pneumoniae or Escherichia coli isolates which lack 
ESBLs but which hyperproduce SHV-1 may give false-
positive confirmatory test results. Such isolates can have 
ceftazidime MICs as high as 32 µg/mL.[58-60] 

There are now numerous reports in which Klebsiella 
pneumoniae isolates have been found to harbor plasmid-
mediated AmpC-type ß-lactamases. Some of  these 
organisms have been found to harbor both AmpC-type 
ß-lactamases and ESBLs.[61] The coexistence of  both 
enzyme types in the same strain not only results in elevated 
cephalosporin MICs but may also give false-negative test 
results for the detection of  ESBLs. The likely explanation 
is that AmpC-type ß-lactamases resist inhibition by 
clavulanate and hence obscure the synergistic effect of  
clavulanate and cephalosporins against ESBLs.

For ESBL-producing bacteria, there is a dramatic rise of  
MIC for extended-spectrum cephalosporins as the inoculum 
is increased beyond that used in routine susceptibility tests. 
Same isolates test susceptible at the standard inoculum and 
resistant at a higher inoculum. Therefore, false-negative 
results can occur with both screening and confirmatory 
tests when lower inocula are used.[41,62]

Some ESBL isolates may appear susceptible to a third-
generation cephalosporin in vitro, particularly if  relatively 
high breakpoints are used. However, treatment of  
infections due to an ESBL-producing organism with third-
generation cephalosporins may result in clinical failure 
even when the MIC is below the breakpoint and the ability 
of  these enzymes to confer resistance to weak-substrate 
cephalosporins is clear when MIC determinations are 
performed with heavy inoculum. This may be due to the 
variable affinity of  these enzymes for different substrates 
and inoculum effect.[63] 

Many ESBL producers are resistant to combinations 
despite appearing sensitive in vitro. This could be due to 
hyperproduction so that the inhibitor is overwhelmed, 
relative impermeability of  the host or co-production of  
inhibitor-resistant penicillanases (e.g., OXA-1).

Since ESBL production is usually plasmid mediated, it is 
possible for one specimen to contain both ESBL-producing 
and non–ESBL-producing cells of  the same species. This 
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suggests that for optimal detection, several colonies must 
be tested from a primary culture plate.[64]

ESBL enzymes can be induced by certain antibiotics, 
amino acids or body fluids. Organisms possessing genes 
for inducible ß-lactamases show false susceptibility if  tested 
in the uninduced state.[47] 

All these factors make detection of  ESBLs a complicated 
and complex task, and improvements in the ability of  
clinical laboratories to detect ESBL are needed.

Two opposing viewpoints have arisen in recognition 
of  the poor outcome when patients with an infection 
due to an ESBL-producing organism are treated with 
a cephalosporin to which it appears susceptible in vitro. 
Some investigators believe that alteration of  cephalosporin 
breakpoints for Enterobacteriaceae by organizations such 
as the Clinical and Laboratory Standards Institute is a 
more appropriate endeavor than expanding efforts to 
detect ESBLs, which is too complex a task for a clinical 
microbiology laboratory. An advantage of  such a change 
would be that organisms such as Enterobacter spp., which 
are not currently considered in CLSI guidelines for ESBL 
detection, would be covered.[2] 

Another viewpoint is that the inoculum effect is important 
for ESBL-producing organisms. In vitro, the MICs of  
cephalosporins rise as the inoculum of  ESBL-producing 
organisms increases.[65-68] Thus in the presence of  high-
inoculum infections (for example, intra-abdominal abscess, 
some cases of  pneumonia) or infections at sites in which 
drug penetration may be poor (for example, meningitis, 
endocarditis or osteomyelitis), physicians should avoid 
cephalosporins if  an ESBL-producing organism is present. 
Also severity of  illness could have been greater in patients 
infected with organisms with higher MICs. 

A point favoring efforts aimed at ESBL detection is 
the infection control significance of  detecting plasmid-
mediated multi-drug resistance. There are epidemiologic 
implications for the detection of  ESBL-producing 
organisms, as the significance of  this resistance may 
not be as apparent if  organisms are simply reported as 
intermediate or resistant to individual cephalosporins. 
Outbreaks of  ESBL-producing organisms can be abruptly 
halted using appropriate infection-control interventions. 
Endemic transmission of  ESBL producers can also be 
curtailed using infection-control measures and antibiotic 
management interventions. Detection of  ESBL production 
in organisms from samples such as urine may be important 
because this represents an epidemiologic marker of  

colonization (and therefore the potential for transfer of  
such organisms to other patients).

RISK FACTORS

Patients at high risk for developing colonization or infection 
with ESBL-producing organisms are often seriously 
ill patients with prolonged hospital stays and in whom 
invasive medical devices are present (urinary catheters, 
endotracheal tubes, central venous lines) for a prolonged 
duration.[2] In addition, other risk factors have been found 
in individual studies, including the presence of  nasogastric 
tubes,[69] gastrostomy or jejunostomy tubes[70,71] or arterial 
lines;[72,73] administration of  total parenteral nutrition,[73] 
recent surgery,[74] hemodialysis,[75] decubitus ulcers[71] and 
poor nutritional status.[76] 

Heavy antibiotic use is also a risk factor for acquisition 
of  an ESBL-producing organism.[73,77,78] Several studies 
have found a relationship between third-generation 
cephalosporin use and acquisition of  an ESBL-producing 
strain.[69,70,77-86] However, perhaps the greatest risk factor for 
nosocomial acquisition of  an ESBL-producing organism 
is accommodation in a ward or room with other patients 
with ESBL-producing organisms.[8] 

Risk factors for colonization or infection with ESBL-
producing organisms, especially the CTX-M producers, 
include history of  recent hospitalization; treatment with 
cephalosporins, penicillins and quinolones; age 65 years 
or higher; dementia: and diabetes.[2] Although there is no 
conclusive evidence, one potential source of  colonization 
with the ESBL producers in the community may be the 
use of  veterinary oxyimino cephalosporins like ceftiofur 
in livestock.[8] 

TREATMENT OPTIONS

The factors which determine the choice of  antibiotics and 
other management options include a) site of  infection; b) 
severity of  infection; c) presence of  a prosthetic device 
or implant; d) metabolic parameters — liver and renal 
function; e) patient-related factors such as age, pregnancy, 
lactation.[87] The therapeutic options for ESBL-producing 
organisms are very limited. ESBLs confer on them the 
ability to be resistant to most ß-lactam antibiotics except 
cephamycins and carbapenems. In addition, the plasmids 
bearing genes-encoding ESBLs frequently also carry 
genes encoding resistance to other antimicrobial agents, 
such as aminoglycosides, trimethoprim, sulphonamides, 
tetracyclines and chloramphenicol.[5,8]
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There have also been increasing reports of  plasmid-
encoded decrease in susceptibility to quinolones, frequently 
in association with plasmid-mediated cephalosporin 
resistance.[88-91] There appears to be a strong association 
between quinolone resistance and ESBL production,[2,92-95] 
even in the absence of  plasmid-encoded decrease in 
quinolone susceptibility, although the reason for this 
association is not well understood. Fluoroquinolones 
may be used for the treatment of  uncomplicated urinary 
tract infections (UTIs) when found to be susceptible, 
although increasing in vitro resistance of  ESBL producers 
to quinolones will limit the role of  these antibiotics in the 
future. Studies have found carbapenems to be superior to 
quinolones for treatment of  serious infections caused by 
ESBL-producing organisms.[96,97] 

Some infections due to organisms testing resistant to 
ceftazidime but susceptible to cefotaxime or ceftriaxone 
have responded to treatment with these alternate 
cephalosporins. However, MICs of  these agents rise 
dramatically as the inoculum is increased.[98]

Thus isolates giving a positive synergy test are inferred to 
have ESBLs, and all cephalosporins should be avoided as 
therapy, irrespective of  susceptibility results.

Cefamycins, such as cefoxitin and cefotetan, although active 
in vitro, are not recommended for treating such infections, 
because of  the relative ease with which these strains 
decrease the expression of  outer membrane proteins, 
rendering them resistant.[98,99]

Although ESBL activity is inhibited by clavulanic acid, 
ß-lactam/ ß-lactamase inhibitor combinations are not 
considered optimal therapy for serious infections due 
to ESBL producers as their clinical effectiveness against 
serious infections due to ESBL-producing organisms 
is controversial.[2] The majority of  ESBL-producing 
organisms produce more than one ß-lactamase, often 
in different amounts. Additionally, it is well known that 
ESBL-producing organisms may continue to harbor parent 
enzymes (for example, SHV-1 or TEM-1). Hyperproduction 
of  these non–ESBL-producing ß-lactamases[100] or the 
combination of  ß-lactamase production and porin loss can 
also lead to a reduction in activity of  ß-lactamase inhibitors.

Also ß-lactam/ ß-lactamase inhibitor combinations are 
subject to rising MICs as inoculum rises.[101] As a result, 
infections with high organism burden (intra-abdominal 
collections, sepsis) may be associated with sufficient 
ß-lactamase production to overcome the effects of  the 
ß-lactamase inhibitor. However, they may be useful for less 

serious infections, such as uncomplicated non-bacteremic 
lower urinary tract infection, because the infection is 
localized and the antibiotic is excreted in large amounts 
through the urine.[87] They have also been found to be a good 
option for the treatment of  uncomplicated community-
acquired infections due to ESBL producers, especially 
since they have the advantage of  oral administration.[102] 
The advantages of  using ß-lactamase inhibitors is that by 
inhibiting ESBLs they appear to impair the emergence 
and spread of Klebsiella-carrying resistance plasmids. 
Furthermore, administration of  inhibitors may exert in 
vitro pressure on ESBLs, thereby facilitating their reverse 
mutation to less harmful enzymes.[98] 

There is also concern that misuse of  carbapenems 
in uncomplicated cases will result in carbapenem 
resistance. Thus the therapeutic potions are limited to 
carbapenems, colistin, polymyxin, temocillin, tigecycline 
for serious infections. However uncomplicated infections 
like non-bacteremic urinary tract infections can be 
managed with a variety of  antibiotics, depending on 
their susceptibility. These include oral antibiotics like 
trimethoprim, nitrofurantoin, fosfomycin, co-amoxiclav, 
mecillinam; or intravenous agents like aminoglycoside 
(gentamicin, amikacin) and inhibitor combinations.[87,102] 
Among these carbapenems are the drugs of  choice for 
serious infections with ESBL producers. Imipenem and 
meropenem are preferred in nosocomial infections, 
while etrapenam is preferred in community-acquired  
infections.[103]

Although in vitro studies have demonstrated no synergy, 
additivity or antagonism in combination therapy 
(carbapenem + aminoglycoside), the bactericidal activity 
of  imipenem in combination with amikacin was found to 
be greater than that of  imipenem alone. This was due to 
the faster killing rates of  amikacin.[87] Thus carbapenems 
may be combined with a second agent (amikacin) for 
the first few days in the treatment of  life-threatening 
infections like septicemia, hospital-acquired pneumonia, 
intra-visceral abscesses.[87] Tigecycline, temocillin, colistin 
and polymyxin are reserved for patients resistant to all of  
the other antibiotics, including the carbapenems.

PREVENTION AND CONTROL 

Proper infection-control practices and barriers are essential 
to prevent spreading and outbreaks of  ESBL-producing 
bacteria. The reservoir for these bacteria seems to be the 
gastrointestinal tract of  patients.[99] Alternative reservoirs 
could be the oropharynx, colonized wounds and urine. 
The contaminated hands and stethoscopes of  healthcare 
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providers are important factors in spreading infection 
between patients.[99] Essential infection-control practices 
should include avoiding unnecessary use of  invasive 
devices such as indwelling urinary catheters or IV lines, 
hand washing by hospital personnel, increased barrier 
precautions, and isolation of  patients colonized or infected 
with ESBL producers. 

At an institutional level, practices that can minimize 
the spread of  such organisms include clinical and 
bacteriological surveillance of  patients admitted to 
intensive care units and antibiotic cycling; as well as 
policies of  restriction, especially on the empirical use of  
broad-spectrum antimicrobial agents such as the third- and 
fourth-generation cephalosporins and quinolones.[2,87,99]

Some authors have suggested that use of  ß-lactam/ 
ß-lactamase inhibitor combinations, rather than 
cephalosporins, as workhorse empirical therapy for 
infections suspected as being due to gram-negative bacilli, 
may facilitate control of  ESBL producers.[104-106] However, 
many organisms now produce multiple ß-lactamases, which 
may reduce the effectiveness of  ß-lactam/ ß-lactamase 
inhibitor combinations.[107-110]

CONCLUSIONS

Clinically, ESBLs limit the efficacy of  ß-lactams. including 
extended-spectrum cephalosporins, and are associated with 
high morbidity and mortality. Moreover, the indiscriminate 
use of  carbapenems may select resistance to these key 
drugs, thus sowing seeds for significant therapeutic 
problems to arise in the future. There is no doubt that the 
ESBLs are becoming increasingly complex and diverse 
and their detection is becoming increasingly challenging 
for clinical microbiology laboratories. Thus there is need 
for efficient infection-control practices for containment 
of  outbreaks; and intervention strategies, e.g., antibiotic 
rotation, to reduce further selection and spread of  these 
increasingly resistant pathogens.

REFERENCES

1.	 Philippon A, Labia R, Jacoby G. Extended-spectrum beta-lactamases. 
Antimicrob Agents Chemother 1989;33:1131-6.

2.	 Paterson DL, Bonomo RA. Extended-spectrum ß-lactamases: A clinical 
update. Clin Microbiol Rev 2005;18:657-86.

3.	 Pitout JD, Nordmann P, Kevin B, Laupland KB, Poirel L. Emergence of  
Enterobacteriaceae producing extended-spectrum ß-lactamases (ESBLs) in 
the community. J Antimicrob Chemother 2005;56:52-9.

4.	 Doi Y, Adams J, O'Keefe A, Quereshi Z, Ewan L, Paterson DL. Community-
acquired extended-spectrum b-lactamase producers, United States [letter]. 
Emerg Infect Dis [serial on the Internet]. Available from: http://www.cdc.
gov/EID/content/13/7/1121.htm [last cited on 2007]. 

5.	 Paterson DL. Recommendation for treatment of  severe infections caused 
by Enterobacteriaceae producing extended-spectrum ß-lactamases (ESBLs). 
Clin Microbiol Infect 2000;6:460-3.

6.	 Mammeri H, Van De Loo M, Poirel L, Martinez-Martinez L, Nordmann P. 
Emergence of  plasmid-mediated quinolone resistance in Escherichia coli 
in Europe. Antimicrob Agents Chemother 2005;49:71-6.

7.	 Wang M, Sahm DF, Jacoby GA, Hooper DC. Emerging plasmid-mediated 
quinolone resistance associated with the qnr gene in Klebsiella pneumoniae 
clinical isolates in the United States. Antimicrob Agents Chemother 
2004;48:1295-9.

8.	 Livermoore DM, Paterson DL. Pocket guide to extended spectrum 
ß-lactamases in resistance. New Delhi: Springer (India) Private Limited; 
2006.

9.	 Ambler RP, Coulson AF, Frere JM, Ghuysen JM, Joris B, Forsman M, et al. 
A standard numbering scheme for the class A beta-lactamases. Biochem J 
1991;276:269-70.

10.	 Bush K, Jacoby GA, Medeiros AA. A functional classification scheme for 
beta-lactamases and its correlation with molecular structure. Antimicrob 
Agents Chemother 1995;39:1211-33.

11.	 Rasmussen BA, Bush K. Carbapenem-hydrolyzing beta-lactamases. 
Antimicrob Agents Chemother 1997;41:223-32.

12.	 Chow JW, Fine MJ, Shlaes DM, Quinn JP, Hooper DC, Johnson MP, et al. 
Enterobacter bacteremia: Clinical features and emergence of  antibiotic 
resistance during therapy. Ann Intern Med 1991;115:585-90.

13.	 Cosgrove SE, Kaye KS, Eliopoulous GM, Carmeli Y. Health and economic 
outcomes of  the emergence of  third-generation cephalosporin resistance 
in Enterobacter species. Arch Intern Med 2002;162:185-90.

14.	 Kaye KS, Cosgrove S, Harris A, Eliopoulos GM, Carmeli Y. Risk factors 
for emergence of  resistance to broad-spectrum cephalosporins among 
Enterobacter spp. Antimicrob Agents Chemother 2001;45:2628-30.

15.	 Sanders CC. In vitro  activity of  fourth generation cephalosporins against 
enterobacteriaceae producing extended-spectrum beta-lactamases. J 
Chemother 1996;8:57-62. 

16.	 Yuan M, Aucken H, Hall LM, Pitt TL, Livermore DM. Epidemiological 
typing of  klebsiellae with extended-spectrum beta-lactamases from 
European intensive care units. J Antimicrob Chemother 1998;41:527-39.

17.	 Wachino J, Doi Y, Yamane K, Shibata N, Yagi T, Kubota T, et al. Nosocomial 
spread of  ceftazidime-resistant Klebsiella pneumoniae strains producing 
a novel class a beta-lactamase, GES-3, in a neonatal intensive care unit in 
Japan. Antimicrob Agents Chemother 2004;48:1960-7.

18.	 Bradford PA. Extended-spectrum-lactamases in the 21st century: 
Characterization, epidemiology, and detection of  this important resistance 
threat. Clin Microbiol Rev 2001;14:933-51. 

19.	 Weldhagen GF. Sequence-selective recognition of  extended-spectrum beta-
lactamase GES-2 by a competitive, peptide nucleic acid-based multiplex 
PCR assay. Antimicrob Agents Chemother 2004;48:3402-6.

20.	 Livermore DM. Beta-lactamases in laboratory and clinical resistance. Clin 
Microbiol Rev 1995;8:557-84.

21.	 Danel F, Hall LM, Duke B, Gur D, Livermore DM. OXA-17, a further 
extended-spectrum variant of  OXA-10 beta-lactamase, isolated from 
Pseudomonas aeruginosa. Antimicrob Agents Chemother 1999;43:1362-6.

22.	 Danel F, Hall LM, Gur D, Livermore DM. OXA-14, another extended-
spectrum variant of  OXA-10 (PSE-2) beta-lactamase from Pseudomonas 
aeruginosa. Antimicrob Agents Chemother 1995;39:1881-4.

23.	 Danel F, Hall LM, Gur D, Livermore DM. OXA-15, an extended-spectrum 
variant of  OXA-2 beta-lactamase, isolated from a Pseudomonas aeruginosa 
strain. Antimicrob Agents Chemother 1997;41:785-90.

24.	 Danel F, Hall LM, Gur D, Livermore DM. OXA-16, a further extended-
spectrum variant of  OXA-10 beta-lactamase, from two Pseudomonas 
aeruginosa isolates. Antimicrob Agents Chemother 1998;42:3117-22.

25.	 Hall LM, Livermore DM, Gur D, Akova M, Akalin HE. OXA-11, an 
extended-spectrum variant of  OXA-10 (PSE-2) beta-lactamase from 
Pseudomonas aeruginosa. Antimicrob Agents Chemother 1993;37:1637-44.

26.	 Toleman MA, Rolston K, Jones RN, Walsh TR. Molecular and biochemical 
characterization of  OXA-45, an extended-spectrum class 2d' beta-lactamase 
in Pseudomonas aeruginosa. Antimicrob Agents Chemother 2003;47: 
2859-63.

Rawat and Nair: Extended spectrum beta lactamases



272 	 Journal of Global Infectious Diseases / Sep-Dec 2010 / Vol-2 / Issue-3

27.	 Bauernfeind A, Stemplinger I, Jungwirth R, Mangold P, Amann S, Akalin E, 
et al. Characterization of  beta-lactamase gene blaPER-2, which encodes an 
extended-spectrum class A beta-lactamase. Antimicrob Agents Chemother 
1996;40:616-20. 

28.	 Nordmann P, Naas T. Sequence analysis of  PER-1 extended-spectrum 
beta-lactamase from Pseudomonas aeruginosa and comparison with class 
A beta-lactamases. Antimicrob Agents Chemother 1994;38:104-14.

29.	 Bonnet R, Sampaio JL, Chanal C, Sirot D, De Champs C, Viallard JL,  
et al. A novel class A extended-spectrum beta-lactamase (BES-1) in Serratia 
marcescens isolated in Brazil. Antimicrob Agents Chemother 2000;44: 
3061-8.

30.	 Giakkoupi P, Tzouvelekis LS, Tsakris A, Loukova V, Sofianou D, Tzelepi E. 
IBC-1, a novel integron-associated class A beta-lactamase with extended-
spectrum properties produced by an Enterobacter cloacae clinical strain. 
Antimicrob Agents Chemother 2000;44:2247-53.

31.	 Matsumoto Y, Inoue M. Characterization of  SFO-1, a plasmid-mediated 
inducible class A beta-lactamase from Enterobacter cloacae. Antimicrob 
Agents Chemother 1999;43:307-13. 

32.	 Mavroidi A, Tzelepi E, Tsakris A, Miriagou V, Sofianou D, Tzouvelekis 
LS. An integron-associated beta-lactamase (IBC-2) from Pseudomonas 
aeruginosa is a variant of  the extended-spectrum beta-lactamase IBC-1. J 
Antimicrob Chemother 2001;8:627-30.

33.	 Poirel L, Le Thomas I, Naas T, Karim A, Nordmann P. Biochemical sequence 
analyses of  GES-1, a novel class A extended-spectrum beta-lactamase, and 
the class 1 integron In52 from Klebsiella pneumoniae. Antimicrob Agents 
Chemother 2000;44:622-32.

34.	 Poirel L, Naas T, Guibert M, Chaibi EB, Labia R, Nordmann P. Molecular 
and biochemical characterization of  VEB-1, a novel class A extended-
spectrum beta-lactamase encoded by an Escherichia coli integron gene. 
Antimicrob Agents Chemother 1999;43:573-81.

35.	 Poirel L, Weldhagen GF, Naas T, De Champs C, Dove MG, Nordmann 
P. GES-2, a class A beta-lactamase from Pseudomonas aeruginosa with 
increased hydrolysis of  imipenem. Antimicrob Agents Chemother 
2001;45:2598-603.

36.	 Silva J, Aguilar C, Ayala G, Estrada MA, Garza-Ramos U, Lara-Lemus R, 
et al. TLA-1: A new plasmid-mediated extended-spectrum beta-lactamase 
from Escherichia coli. Antimicrob Agents Chemother 2000;44:997-1003.

37.	 Bellais S, Poirel L, Fortineau N, Decousser JW, Nordmann P. Biochemical-
genetic characterization of  the chromosomally encoded extended-spectrum 
class A beta-lactamase from Rahnella aquatilis. Antimicrob Agents 
Chemother 2001;45:2965-8.

38.	 CLSI. Performance Standards for Antimicrobial Susceptibility Testing: 
Nineteeneth Informational Supplement. CLSI document M100-S19. Wayne 
PA: Clinical and Laboratory Standards Institute; 2009. 

39.	 Steward CD, Rasheed JK, Hubert SK, Biddle JW, Raney PM, Anderson GJ, 
et al. Characterization of  clinical isolates of  Klebsiella pneumoniae from 19 
laboratories using the National Committee for Clinical Laboratory Standards 
extended-spectrum beta-lactamase detection methods. J Clin Microbiol 
2001;39:2864-72. 

40.	 Jarlier V, Nicolas MH, Fournier G, Philippon A. ESBLs conferring 
transferable resistance to newer-lactam agents in Enterobacteriaceae: 
Hospital prevalence and susceptibility patterns. Rev Infect Dis 1988;10: 
867-78.

41.	 Queenan AM, Foleno B, Gownley C, Wira E, Bush K. Effects of  inoculum 
and beta-lactamase activity in AmpC- and extended-spectrum beta-
lactamase (ESBL)-producing Escherichia coli and Klebsiella pneumoniae 
clinical isolates tested by using National Committee for Clinical Laboratory 
Standards ESBL methodology. J Clin Microbiol 2004;42:269-75.

42.	 Randegger C, Boras A, Haechler H. Comparison of  five different methods 
for detection of  SHV extended-spectrum beta-lactamases. J Chemother 
2001;13:24-33. 

43.	 Ho PL, Chow KH, Yuen KY, Ng WS, Chau PY. Comparison of  a novel, 
inhibitor-potentiated disc-diffusion test with other methods for the detection 
of  extended-spectrum beta-lactamases in Escherichia coli and Klebsiella 
pneumoniae. J Antimicrob Chemother 1998;42:49-54.

44.	 MacKenzie FM, Miller CA, Gould IM. Comparison of  screening methods 
for TEM- and SHV-derived extended-spectrum beta-lactamase detection. 
Clin Microbiol Infect 2002;8:715-24.

45.	 Thomson KS, Sanders CC. Detection of  extended-spectrum beta-
lactamases in members of  the family Enterobacteriaceae: Comparison of  
the double-disk and three-dimensional tests. Antimicrob Agents Chemother 
1992;36:1877-82.

46.	 Vercauteren E, Descheemaeker P, Ieven M, Sanders CC, Goossens H. 
Comparison of  screening methods for detection of  extended-spectrum 
beta-lactamases and their prevalence among blood isolates of  Escherichia 
coli and Klebsiella spp. in a Belgian teaching hospital. J Clin Microbiol 
1997;35:2191-7.

47.	 Revathi G, Singh S. Detection of  expanded spectrum cephalosporin 
resistance due to inducible lactamases in hospital isolates. Indian J Med 
Microbiol 1997;15:113-5.

48.	 Munoz Bellido JL, Garcia-Rodriguez JA. Aztreonam-clavulanic acid synergy 
does not mean extended-spectrum beta-lactamase in Stenotrophomonas 
maltophilia. J Antimicrob Chemother 1998;41:493-4.

49.	 M'Zali FH, Chanawong A, Kerr KG, Birkenhead D, Hawkey PM. 
Detection of  extended-spectrum beta-lactamases in members of  the family 
enterobacteriaceae: Comparison of  the MAST DD test, the double disc and 
the Etest ESBL. J Antimicrob Chemother 2000;45:881-5.

50.	 Sanders CC, Barry AL, Washington JA, Shubert C, Moland ES, Traczewski 
MM, et al. Detection of  extended-spectrum-beta-lactamase-producing 
members of  the family Enterobacteriaceae with Vitek ESBL test. J Clin 
Microbiol 1996;34:2997-3001.

51.	 Cormican MG, Marshall SA, Jones RN. Detection of  extended-spectrum 
beta-lactamase (ESBL)-producing strains by the Etest ESBL screen. J Clin 
Microbiol 1996;34:1880-4.

52.	 Komatsu M, Aihara M, Shimakawa K, Iwasaki M, Nagasaka Y, Fukuda S, et al. 
Evaluation of  MicroScan ESBL confirmation panel for Enterobacteriaceae-
producing, extended-spectrum beta-lactamases isolated in Japan. Diagn 
Microbiol Infect Dis 2003;46:125-30. 

53.	 Pagani L, Migliavacca R, Pallecchi L, Matti C, Giacobone E, Amicosante 
G, et al. Emerging extended-spectrum beta-lactamases in Proteus mirabilis. 
J Clin Microbiol 2002;40:1549-52.

54.	 Paterson DL, Yu VL. Extended-spectrum beta-lactamases: A call for 
improved detection and control. Clin Infect Dis 1999;29:1419-22.

55.	 Leverstein-van Hall MA, Fluit AC, Paauw A, Box AT, Brisse S, Verhoef  
J. Evaluation of  the Etest ESBL and the BD Phoenix, VITEK 1, and 
VITEK 2 automated instruments for detection of  extended-spectrum 
beta-lactamases in multiresistant Escherichia coli and Klebsiella spp. J Clin 
Microbiol 2002;40:3703-11.

56.	 Sanguinetti M, Posteraro B, Spanu T, Ciccaglione D, Romano L, Fiori B, 
et al. Characterization of  clinical isolates of  Enterobacteriaceae from Italy 
by the BD Phoenix extended-spectrum beta-lactamase detection method. 
J Clin Microbiol 2003;41:1463-8.

57.	 Sturenburg E, Sobottka I, Feucht HH, Mack D, Laufs R. Comparison 
of  BDPhoenix and VITEK2 automated antimicrobial susceptibility test 
systems for extended-spectrum beta-lactamase detection in Escherichia 
coli and Klebsiella species clinical isolates. Diagn Microbiol Infect Dis 
2003;45:29-34. 

58.	 Miro E, del Cuerpo M, Navarro F, Sabate M, Mirelis B, Prats G. 
Emergence of  clinical Escherichia coli isolates with decreased susceptibility 
to ceftazidime and synergic effect with co-amoxiclav due to SHV-1 
hyperproduction. J Antimicrob Chemother 1998;42:535-8.

59.	 Petit A, Ben Yaghlane-Bouslama H, Sofer L, Labia R. Does high level 
production of  SHV-type penicillinase confer resistance to ceftazidime in 
Enterobacteriaceae? FEMS Microbiol Lett 1992;71:89-94. 

60.	 Rice LB, Carias LL, Hujer AM, Bonafede M, Hutton R, Hoyen C, et al. 
High-level expression of  chromosomally encoded SHV-1 beta-lactamase 
and an outer membrane protein change confer resistance to ceftazidime 
and piperacillin-tazobactam in a clinical isolate of  Klebsiella pneumoniae. 
Antimicrob Agents Chemother 2000;44:362-7. 

61.	 Tzouvelekis LS, Vatopoulos AC, Katsanis G, Tzelepi E. Rare case of  failure 
by an automated system to detect extended-spectrum beta-lactamase in a 
cephalosporin-resistant Klebsiella pneumoniae isolate. J Clin Microbiol 
1999;37:2388. 

62.	 Emery CL, Weymouth LA. Detection and clinical significance of  ES Ls in 
a tertiary - care medical center. J Clin Microbiol 1997;35:2061-7.

63.	 Nathisuwan S, Burgess DS, Lewis II JS. ESBLs: Epidemiology, detection 

Rawat and Nair: Extended spectrum beta lactamases



	 Journal of Global Infectious Diseases / Sep-Dec 2010 / Vol-2 / Issue-3	 273

and treatment. Pharmacotherapy 2001;21:920-8.
64.	 Coudron PE, Moland ES, Sanders CC. Occurrence and detection of  ESBL 

in members of  the family Enterobacteriacieae at a veterans medical center: 
Seek and you may find. J Clin Microbiol 1997;35:2593-7.

65.	 Jett BD, Ritchie DJ, Reichley R, Bailey TC, Sahm DF. In vitro  activities 
of  various beta-lactam antimicrobial agents against clinical isolates of  
Escherichia coli and Klebsiella spp. resistant to oxyimino cephalosporins. 
Antimicrob Agents Chemother 1995;39:1187-90. 

66.	 Medeiros AA, Crellin J. Comparative susceptibility of  clinical isolates 
producing extended spectrum beta-lactamases to ceftibuten: Effect of  large 
inocula. Pediatr Infect Dis J 1999;16:S49-55.

67.	 Rice LB, Yao JD, Klimm K, Eliopoulos GM, Moellering RC Jr. Efficacy 
of  different beta-lactams against an extended-spectrum beta-lactamase-
producing Klebsiella pneumoniae strain in the rat intra-abdominal abscess 
model. Antimicrob Agents Chemother 1991;35:1243-4.

68.	 Thauvin-Eliopoulos C, Tripodi MF, Moellering Jr RC, Eliopoulos GM. 
Efficacies of  piperacillin-tazobactam and cefepime in rats with experimental 
intra-abdominal abscesses due to an extended-spectrum beta-lactamase-
producing strain of  Klebsiella pneumoniae. Antimicrob Agents Chemother 
1997;41:1053-7.

69.	 Asensio A, Oliver A, Gonzalez-Diego P, Baquero F, Perez-Diaz JC, Ros P, et 
al. Outbreak of  a multiresistant Klebsiella pneumoniae strain in an intensive 
care unit: Antibiotic use as risk factor for colonization and infection. Clin 
Infect Dis 2000;30:55-60.

70.	 Schiappa DA, Hayden MK, Matushek MG, Hashemi FN, Sullivan J, Smith 
KY, et al. Ceftazidime-resistant Klebsiella pneumoniae and Escherichia 
coli bloodstream infection: A case-control and molecular epidemiologic 
investigation. J Infect Dis 1996;174:529-36.

71.	 Weldhagen GF, Prinsloo A. Molecular detection of  GES-2 extended 
spectrum beta-lactamase producing Pseudomonas aeruginosa in Pretoria, 
South Africa. Int J Antimicrob Agents 2004;24:35-8. 

72.	 Lucet JC, Chevret S, Decre D, Vanjak D, Macrez A, Bedos JP, et al. 
Outbreak of  multiply resistant enterobacteriaceae in an intensive care unit: 
Epidemiology and risk factors for acquisition. Clin Infect Dis 1996;22:430-6. 

73.	 Pena C, Pujol M, Ricart A, Ardanuy C, Ayats J, Linares J, et al. Risk factors for 
faecal carriage of  Klebsiella pneumoniae producing extended spectrum beta-
lactamase (ESBL-KP) in the intensive care unit. J Hosp Infect 1997;35:9-16.

74.	 de Champs C, Sirot D, Chanal C, Poupart MC, Dumas MP, Sirot J. 
Concomitant dissemination of  three extended-spectrum beta-lactamases 
among different Enterobacteriaceae isolated in a French hospital. J 
Antimicrob Chemother 1991;27:441-57.

75.	 Crowley BD. Extended-spectrum beta-lactamases in blood culture isolates 
of  Klebsiella pneumoniae: Seek and you may find! J Antimicrob Chemother 
2001;47:728-9.

76.	 Mangeney N, Niel P, Paul G, Faubert E, Hue S, Dupeyron C, et al. A 5-year 
epidemiological study of  extended-spectrum beta-lactamase-producing 
Klebsiella pneumoniae isolates in a medium- and long-stay neurological 
unit. J Appl Microbiol 2000;88:504-11.

77.	 Ariffin H, Navaratnam P, Mohamed M, Arasu A, Abdullah WA, Lee CL,  
et al. Ceftazidime-resistant Klebsiella pneumoniae bloodstream infection in 
children with febrile neutropenia. Int J Infect Dis 2000;4:21-5.

78.	 Lautenbach E, Patel JB, Bilker WB, Edelstein PH, Fishman NO. Extended-
spectrum beta-lactamase-producing Escherichia coli and Klebsiella 
pneumoniae: Risk factors for infection and impact of  resistance on 
outcomes. Clin Infect Dis 2001;32:1162-71.

79.	 Du B, Long Y, Liu H, Chen D, Liu D, Xu Y, et al. Extended-spectrum 
beta-lactamase-producing Escherichia coli and Klebsiella pneumoniae 
bloodstream infection: Risk factors and clinical outcome. Intensive Care 
Med 2002;28:1718-23.

80.	 Eveillard M, Schmit JL, Eb F. Antimicrobial use prior to the acquisition of  
multiresistant bacteria. Infect Control Hosp Epidemiol 2002;23:155-8.

81.	 Ho PL, Chan WM, Tsang KW, Wong SS, Young K. Bacteremia caused by 
Escherichia coli producing extended-spectrum beta-lactamase: A case-
control study of  risk factors and outcomes. Scand J Infect Dis 2002;34: 
567-73.

82.	 Kim BN, Woo JH, Kim MN, Ryu J, Kim YS. Clinical implications of  
extended-spectrum beta-lactamase-producing Klebsiella pneumoniae 
bacteraemia. J Hosp Infect 2002;52:99-106.

83.	 Kim YK, Pai H, Lee HJ, Park SE, Choi EH, Kim J, et al. Bloodstream 
infections by extended-spectrum beta-lactamase-producing Escherichia coli 
and Klebsiella pneumoniae in children: Epidemiology and clinical outcome. 
Antimicrob Agents Chemother 2002;46:1481-91.

84.	 Lee SO, Lee ES, Park SY, Kim SY, Seo Y, Cho YK. Reduced use of  third-
generation cephalosporins decreases the acquisition of  extended-spectrum 
beta-lactamase-producing Klebsiella pneumoniae. Infect Control Hosp 
Epidemiol 2004;25:832-7,

85.	 Paterson DL, Ko WC, Von Gottberg A, Mohapatra S, Casellas JM, 
Goossens H, et al. International prospective study of  Klebsiella pneumoniae 
bacteremia: Implications of  extended-spectrum beta-lactamase production 
in nosocomial infections. Ann Intern Med 2004;140:26-32.

86.	 Pessoa-Silva CL, Meurer Moreira B, Camara Almeida V, Flannery B, Almeida 
Lins MC, Mello Sampaio JL, et al. Extended-spectrum beta-lactamase-
producing Klebsiella pneumoniae in a neonatal intensive care unit: Risk 
factors for infection and colonization. J Hosp Infect 2003;53:198-206.

87.	 Bhattacharya S. ESBL-From petri dish to the patient. Indian J Med Microbiol 
2006;24:20-4. 

88.	 Jacoby GA, Chow N, Waites KB. Prevalence of  plasmid-mediated quinolone 
resistance. Antimicrob Agents Chemother 2003;47:559-62.

89.	 Mammeri H, Van De Loo M, Poirel L, Martinez-Martinez L, Nordmann P. 
Emergence of  plasmid-mediated quinolone resistance in Escherichia coli 
in Europe. Antimicrob Agents Chemother 2005;49:71-6.

90.	 Martinez-Martinez L, Pascual A, Jacoby GA. Quinolone resistance from a 
transferable plasmid. Lancet 1998;351:797-9. 

91.	 Wang H, Kelkar S, Wu W, Chen M, Quinn JP. Clinical isolates of  
Enterobacteriaceae producing extended-spectrum beta-lactamases: 
Prevalence of  CTX-M-3 at a hospital in China. Antimicrob Agents 
Chemother 2003;47:790-3. 

92.	 Babini GS, Livermore DM. Antimicrobial resistance amongst Klebsiella 
spp. collected from intensive care units in Southern and Western Europe 
in 1997-1998. J Antimicrob Chemother 2000;45:183-9. 

93.	 Brisse S, Milatovic D, Fluit AC, Verhoef  J, Schmitz FJ. Epidemiology of  
quinolone resistance of  Klebsiella pneumoniae and Klebsiella oxytoca in 
Europe. Eur J Clin Microbiol Infect Dis 2000;19:64-8.

94.	 Lautenbach E, Strom BL, Bilker WB, Patel JB, Edelstein PH, Fishman NO. 
Epidemiological investigation of  fluoroquinolone resistance in infections 
due to extended-spectrum beta-lactamase-producing Escherichia coli and 
Klebsiella pneumoniae. Clin Infect Dis 2001;33:1288-94.

95.	 Paterson DL, Mulazimoglu L, Casellas JM, Ko WC, Goossens H, Von 
Gottberg A, et al. Epidemiology of  ciprofloxacin resistance and its 
relationship to extended-spectrum beta-lactamase production in Klebsiella 
pneumoniae isolates causing bacteremia. Clin Infect Dis 2000;30: 
473-8. 

96.	 Endimiani A, Luzzaro F, Perilli M, Lombardi G, Coli A, Tamborini A, et al. 
Bacteremia due to Klebsiella pneumoniae isolates producing the TEM-52 
extended-spectrum beta-lactamase: Treatment outcome of  patients receiving 
imipenem or ciprofloxacin. Clin Infect Dis 2004;38:243-51. 

97.	 Paterson DL, Ko WC, Gottberg A Von, Mohapatra S, Casellas JM, 
Goossens H, et al. Antibiotic therapy for Klebsiella pneumoniae bacteremia: 
Implications of  production of  extended-spectrum beta-lactamases. Clin 
Infect Dis 2004;39:31-7. 

98.	 Chaudhary U, Aggarwal R. Extended spectrum ß lactamases (ESBL) - An 
emerging threat to clinical therapeutics. Indian J Med Microbiol 2004;22: 
75-80. 

99.	 Samaha-Kfoury JN, Araj GF. Recent developments in ß lactamases and 
extended spectrum ß lactamases. BMJ 2003;327:1209-13.

100.	Akhan S, Coskunkan F, Tansel O, Vahaboglu H. Conjugative resistance to 
tazobactam plus piperacillin among extended-spectrum beta-lactamase-
producing nosocomial Klebsiella pneumoniae. Scand J Infect Dis 
2001;33:512-5.

101.	Thomson KS, Moland ES. Cefepime, piperacillin-tazobactam, and 
the inoculum effect in tests with extended-spectrum beta-lactamase-
producing Enterobacteriaceae. Antimicrob Agents Chemother 2001;45: 
3548-54.

102.	Rawat D, Hasan AS, Capoor MR, Sarma S, Nair D, Deb M, et al. In vitro  
evaluation of  a new cefixime-clavulanic acid combination for gram-negative 
bacteria. Southeast Asian J Trop Med Public Health 2009;40:131-9.

Rawat and Nair: Extended spectrum beta lactamases



274 	 Journal of Global Infectious Diseases / Sep-Dec 2010 / Vol-2 / Issue-3

Rawat and Nair: Extended spectrum beta lactamases

Source of Support: Nil, Conflict of Interest: None declared.

103.	Shah PM, Isaacs RD. Etrapenam, the first of  a new group of  carbapenems. 
J Antimicrob Chemother 2003;52:538-42. 

104.	Patterson JE, Hardin TC, Kelly CA, Garcia RC, Jorgensen JH. Association 
of  antibiotic utilization measures and control of  multiple-drug resistance 
in Klebsiella pneumoniae. Infect Control Hosp Epidemiol 2000;21:455-8.

105.	Piroth L, Aube H, Doise JM, Vincent-Martin M. Spread of  extended-
spectrum beta-lactamase-producing Klebsiella pneumoniae: Are beta-
lactamase inhibitors of  therapeutic value? Clin Infect Dis 1998;27:76-80.

106.	Rice LB, Eckstein EC, DeVente J, Shlaes DM. Ceftazidime-resistant 
Klebsiella pneumoniae isolates recovered at the Cleveland Department of  
Veterans Affairs Medical Center. Clin Infect Dis 1996;23:118-24.

107.	Baraniak A, Sadowy E, Hryniewicz W, Gniadkowski M. Two different 
extended-spectrum beta-lactamases (ESBLs) in one of  the first ESBL-
producing Salmonella isolates in Poland. J Clin Microbiol 2002;40: 
1095-7.

108.	Bradford PA, Cherubin CE, Idemyor V, Rasmussen BA, Bush K. Multiply 
resistant Klebsiella pneumoniae strains from two Chicago hospitals: 
Identification of  the extended-spectrum TEM-12 and TEM-10 ceftazidime-
hydrolyzing beta-lactamases in a single isolate. Antimicrob Agents 
Chemother 1994;38:761-6.

109.	Chanawong A, M'Zali FH, Heritage J, Xiong JH, Hawkey PM. 
Three cefotaximases, CTX-M-9, CTX-M-13, and CTX-M-14, among 
Enterobacteriaceae in the People's Republic of  China. Antimicrob Agents 
Chemother 2002;46:630-7.

110.	Shen D, Winokur P, Jones RN. Characterization of  extended spectrum 
beta-lactamase-producing Klebsiella pneumoniae from Beijing, China. Int 
J Antimicrob Agents 2001;18:185-8.


