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EXTENDED SPECTRUM BETA-LACTAMASES
AND BACTERIAL RESISTANCE

Iftikhar Ahmed* & Abdus Salam ?

SUMMARY: In modern medical practice, newer antimicrobial drugs have been used extensively
resulting in the emergence and rapid dissemination of resistant bacterial strains. Extended spectrum
beta-lactamases (ESBLs) are enzymes that originate by mutations in genes for common plasmid
mediated beta-lactamases such as TEM-1, TEM-2 and SHV-1 and are transmitted among bacterial
species. Klebsiella sp. and E. coli are the two most frequently ESBLs producing bacteria worldwide
with different degree of resistance in different countries. Resistance to third generation cephalospor-
ins and susceptibility to beta-lactamase inhibitor compounds such as clavulanic acid, sulbactam and
tazobactam are considered in favour of ESBL. These bacteria are considered resistant to all extended-
spectrum penicillins, cephalosporins and monobactams but beta-lactamase-stable beta-lactam (e.g.,
imiperiem) are active in vitro and also appear to be clinically effective. The genes that code for
production of ESBLs are often linked to other resistance genes causing extended spectrum of drug
resistance. Although different laboratory techniques to detect ESBL are available but there is no
International consensus regarding its standardization, But general guidelines are advised to follow by

the laboratories to detect ESBL on their own settings.

INTRODUCTION

Bacterial resistance to the beta-lactam drugs
and the mechanisms leading to this resistance
are gaining importance as a field of interest of
medical researchers throughout the world. The
term Extended-spectrum beta-lactamase (ESBL)
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refers to beta lactamase enzymes produced
mainly by Klebsiella sp and E. coli that confer
resistance to beta-lactam antibiotics'.

Soon after the first detection of multiple trans-
ferable drug resistant strains in Japan its impor-
tance in microbial genetics have launched wider
searches for it in different bacteria. Moreover,
quick emergence of resistance to the third gen-
eration cephalosporins by gram-negative bacilli
in 1980s has also widened the area of research
in a new dimension®. Bacteria acquire resistance
to beta-lactam drugs by several mechanisms,
which include spontaneous mutdtion in chro-
mosomal DNA or by acquiring transferable
plasmid that mediates beta-lactamases®. ESBLs
are newly described enzymes that arise by mu-
tations in genes for common plasmid mediated
beta-lactamases such as TEM-1, TEM-2 and
SHV-1 and much of the dramatic increase in
bacterial resistance to beta-lactam antibiotics has
been associated with it!, Difficulty in the detec-
tion of ESBL production using routine antimi-
crobial susceptibility testing methods has also
been documented by researchers®.
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ESBL producing isolates are considered to be
resistant to all extended spectrum of penicillins,
cephalosporins (e.g. ceftazidime, cefotaxime
and ceftriaxone) and monobactams (e.g.
aztreonam) even if they appear to be suscep-
tible to these agents in vitro. But drugs like
cephamycins (e.g. cefoxitin and cefotetan) or
carbapenems (e.g. meropenem or imipenem)
show good efficacy in clinical applicaitons®.

GENETIC BASIS OF ESBL

A common mechanism of bacterial resistance
to beta-lactam antibiotics is the production of
beta-lactam#se enzymes that break down the
structural beta-lactam ring of penicillin and its

synthetic derivatives. Although the genetic con-

trol of beta-lactamase production resides either
on plasmids or on the chromosome, the expres-
sion is either inducible or constitutive. Also beta-
lactamases are encoded by genes located on
transposons’. It is assumed that most probably
beta-lactamases were selected in environments
where beta-lactam producing fungi compete
with bacteria for survival. The genes that code
for production of ESBLs are often linked to other
resistance genes thus, ESBL-producing isolates
are sometimes multiple drugs resistant (e.g. re-
sistant to aminoglycosides and trimethoprim-
sulfamethoxazole)®.

Until now more than 40 of these genes encod-
ing extended spectrum enzymes (TEM-2, TEM-
3, SHV-2 etc.) have been discovered and their
enhanced stability and extended spectrum in
the presence of beta-lactam antibiotics resulted
from point mutations®". Further analysis at
molecular level revealed that SHV-2 and TEM-
7 differ from their progenitors by a single amino
acid substitution”.

LABORATORY DETECTION -DF
ESBL PRODUCTION

International consensus guidelines on the
detection of ESBLs have yet to be developed. In
particular, there is no agreement on which iso-
lates should be tested for these enzymes, what
indicators should direct further testing, what

methods should be used, and how the findings
should be reported. Klebsiella pneumoniae and
Escherichia coli are most frequently associated
with ESBL production’ while Enterobacter
aerogenes, E. cloacae, Serratia marcescens,
Morganella morganii, K. oxytoca, Citrobacter
freundii, and C. koserii appear to less frequent
bacteria®®. However, the detection methods used
for K. pneumoniae and E. coli have not
shown to be valid for other ESBL-producing
bacteria.'

Disk approximation method is one of the cur-
rently available methods for the detection of the
ESBLs". In this method, amoxicillin-clavulanic
acid disk is placed in the center of an inoculated
plate with the test bacteria containing
ceftriaxone, aztreonam, cefotaxime and
ceftazidime disks that are placed 20 to 30 mm
away from the amoxicillin-clavulanic acid disk.
Enhancement of the zone of inhibition between
either of the cephalosporins disks and
clavulanate containing disk indicates the pres-
ence of an ESBLs. This is known as double disk
diffusion method for detection of ESBLs pro-
duction. Double disk tests can lack sensitivity
because of various problems like optimal disk
spacing, the inability of clavulanate to inhibit
all ESBLs and the limitations of the test in de-
tecting ESBLs in strains that also produce chro-
mosomal cephalosporinases’™.

Another method for detecting ESBLs known
as three-dimensional test, is a modification of
the disk diffusion test with the advantage of si-
multaneous determination of antibiotic suscep-
tibility and beta-lactamase substrate profile in-
formation. Thompson et al.” have compared
between these two methods for ESBL detection
and found sensitivity of 93% and 79% in the
modified and disk diffusion test respectively.
The vitek (bioMereiux Vitek, Hazelwood, Mo.)
susceptibility cards for ESBL test is the recent
addition. Vitek cards are interpreted by the Vitek
AutoMicrobic System by using appropriate soft-
ware. Sanders et al. (1996) compared the vitek
ESBLs test care with double disk test and found
almost same results'®,

Detection and validation of ESBL-producing
enteric bacilli by E-test is also being performed
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by different centres with some encouraging
results”.

Despite the advent of newer technologies,
ESBLs detection remains difficult because they
have different levels of activity against various
cephalosporins. Thus, the choice of antimicro-
bial agents to be tested remains critical. For ex-
ample, one enzyme may actively hydrolyze
ceftazidime, resulting in ceftazidime minimum
inhibitory concentrations (MICs) of 256 g/ml,
but have poor activity on cefotaxime, produc-
ing MICs of only 4 g/ml. Therefore, if an ESBL
is detected, all penicillins, cephalosporins and
aztreonam should be reported as resistant®,

The National Committee for Clinical Labora-
tory Standards (NCCLS) has developed broth
microdilution and disk diffusion screening tests
using selected antimicrobial agents®. The sensi-
tivity of screening for ESBLs in enteric bacteria
can vary depending on types of antimicrobial
agents tested. The use of more than one of the
five antimicrobial drugs suggested for screen-
ing will improve the sensitivity of detection.
Cefodoxime and ceftazidime show the highest
sensitivity for ESBL detection.

NCCLS also recommends performing pheno-
typic confirmation of potential ESBL-producing
isolates of K. pneumoniae, K. oxytoca, or E. coli
by testing both cefotaxime and ceftazidime
alone and in combination with clavulanic acid®.
K. pneumoniae ATCC 700603 (positive-control)
and E. coli ATCC 25922 (negative-control)
should be used for quality control of ESBL tests.
Some organisms with ESBLs contain other
lactamases that can mask ESBL production in
the phenotypic test, resulting in a false-nega-
tive test. These lactamases include AmpCs and
inhibitor-resistant TEMs. Moreover, detection of
organisms with multiple-lactamases that may
interfere with the phenotypic confirmatory test
can only be accomplished using isoelectric fo-
cusing and DNA sequencing®. Currently, these
methods are not available in most of the

clinical laboratories.

ESBL PRODUCING ORGANISMS IN
DIFFERENT COUNTRIES

ESBL have been reported from many parts of
Pak J Med Sci
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the world since 1983. The distribution of ESBL
in E. coli is 5% and 23.3% in Korea and Indone-
sia respectively which is higher when compared
to North America® or Europe, but similar to that
of South America®. The prevalence rate of ESBL .
in E. coli is much lower when compared to that
of Klebsiella isolates and the highest ESBL rates
in Klebsiella sp. were reported from Korea®.

In the United States, the frequency of resis-
tance to ceftazidime has increased from 1.5%
(1987 to 1999) to 3.6% (1990 to 1991) as reported
by the National Nosocomial Infections Surveil-
lance system'. A surveillance trial involving 102
medical centers in the United States detected
10.3% and 23.8% ceftazidime resistant E. coli
and K. pneumoniae respectively. Antimicrobial
susceptibility pattern of Acinetobacter sp was
reported by Nalinee et al. (1998) from Thailand®
and found that more than 50% of the isolates
were resistant to tetracycline and co-
trimoxazole, 30-50% resistant to amikacin,
cefotaxime, ceftazidime and ciprofloxacin, 10-
21% of the isolates resistant to sparfloxacin,
cefepime and piperacillin-tazobactam only 2.5%
were resistant to ampicillin-sulbactam and none
was resistant to imipenem. In France, Jarlier et
al. (1988) studied the transmissible resistance in
E. coli K12 recipient and that the drug
resistance particularly by ESBL producing
plasmids are transferable®.

DISCUSSION

ESBLs are enzymes found in a variety of En-
terobacteriaceae and are frequently resistant to
many classes of antibiotics, resulting in treat-
ment failures. Major problems with'these resis-
tant strains are difficulty in detecting the pres-
ence of ESBLs, limited treatment options and
deleterious impact on clinical outcomes. The
NCCLS has recently described screening and
confirmatory tests for detection of ESBLs. In
addition, several phenotypic characteristics can
be used to assess the mechanism of resistance
without additional testing®. In the mid 1980’s,
it became evident that a new type of beta-
lactamase was being produced by Klebsiella sp.
and in some cases by E. coli that could

Vol. 18 No. 2 153



Iftikhar Ahmed & Abdus Salam

hydrolyze the extended spectrum cepha-
losporin®, Moreover, beta-lactamase inhibitors
such as clavulanic acid, tazobactam and
sulbactam do not inhibit these extended spec-
trum beta-lactamases sufficiently. Recently, it
has been evident that the cephamycins
(cefoxitin, cefotetan, moxalactam) have dimin-
ished activity against the ESBL-producing bac-
teria. More troubling is the observation that re-
sistance to non-beta-lactamases is associated
with ESBLs. Other members of Enterobacteri-
aceae, such as Salmonella sp., Proteus mirabilis,
and isolates of Pseudomonas aeruginosa also
produce ESBLs¥. Unfortunately, at this time,
standardized methods for screening of ESBL
and phenotypic confirmatory testing of these
isolates have not been determined and/or rec-
ommended. Nonetheless susceptibility testing
using the revised criteria still may fail to detect
low or relatively low expression of ESBL pro-
duction. Additional testing to detect such pro-
duction on a routine basis is not considered
clinically necessary or cost-effective. Selective
testing for ESBL production should be consid-
ered for gram-negative enteric bacilli isolated
from normally sterile body sites and where the
infection may have been nosocomially acquired.

CONCLUSION

Development of bacterial resistance against
various antimicrobials is a long continued prob-
lem in Clinical Medicine. Although there is in-
creasing observations and detection of Kleb-
siella and E. coli as well as other Enterobacteri-
aceae that express ESBLs but the available labo-
ratory identification techniques are still in an
evolving state. Moreover, many ESBLs produc-
ing E. coli and Klebsiella strains do not appear
resistant to newer cephalosporins or aztreonam
in routine in-vitro susceptibility tests.

The identification of resistant phenotypes is
particularly important in developing countries
where there is no good control of antibiotic
abuse and medical centres that do not maintain
adequate epidemiological surveillance. Failure
to recognize ESBL producing strains may not
only result in inappropriate beta-lactam therapy
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and consequent treatment failure but also have

infection control implications and threaten the
future usefulness of many beta-lactam agents.
A series of work by many investigators have
tried to establish the general guidelines for sus-
pected and probable ESBLs producing strains
of Klebsiella sp. and E. coli. Laboratories can
effectively follow these guidelines in their own
situations to help monitor the emergence of
ESBLs producing bacteria in order to face the
challenging issue of antibiotic resistance.
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