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Abstract

Extended spectrum B-lactamase (ESBL)-producing organisms pose unique
challenges to clinical microbiologists, clinicians, infection control professionals
and antibacterial-discovery scientists. ESBLs are enzymes capable of hydrolys-
ing penicillins, broad-spectrum cephalosporins and monobactams, and are gen-
erally derived from TEM and SHV-type enzymes. ESBLs are often located on
plasmids that are transferable from strain to strain and between bacterial species.
Although the prevalence of ESBLs is not known, it is clearly increasing, and in
many parts of the world 10-40% of strains of Escherichia coli and Klebsiella
pneumoniae express ESBLs.

ESBL-producing Enterobacteriaceae have been responsible for numerous out-
breaks of infection throughout the world and pose challenging infection control
issues. Clinical outcomes data indicate that ESBLs are clinically significant and,
when detected, indicate the need for the use of appropriate antibacterial agents.
Unfortunately, the laboratory detection of ESBLs can be complex and, at times,
misleading.

Antibacterial choice is often complicated by multi-resistance. Many ESBL-
producing organisms also express AmpC B-lactamases and may be co-transferred
with plasmids mediating aminoglycoside resistance. In addition, there is an in-
creasing association between ESBL production and fluoroquinolone resistance.
Although in in vitro tests ESBLs are inhibited by -lactamase inhibitors such as
clavulanic acid, the activity of B-lactam/B-lactamase inhibitor combination
agents is influenced by the bacterial inoculum, dose administration regimen and
specific type of ESBL present. Currently, carbapenems are regarded as the drugs
of choice for treatment of infections caused by ESBL-producing organisms. Un-
fortunately, use of carbapenems has been associated with the emergence of carba-
penem-resistant bacterial species such as Stenotrophomonas sp. or Pseudomonas sp.

A recurring theme in antimicrobial resistance
has become readily apparent. Namely, the intro-
duction of an antibacterial to the market is initially
associated with exuberant use, at least partially as
a result of fairly uniform susceptibility of targeted
pathogens, which is followed by the emergence of
resistance and rapid clonal spread. The rapidity of

the development and spread of resistance is a com-
plex process that is influenced by selective pres-
sure, pre-existence of resistance genes and use of
infection control measures.

Extended spectrum cephalosporins (third gen-
eration cephalosporins such as ceftriaxone and
cefotaxime) gained widespread clinical use in the
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early 1980s and were developed because of the
increasing prevalence of ampicillin-hydrolysing
B-lactamases (TEM-1, TEM-2 and SHV-1) in En-
terobacteriaceae, non-glucose fermenting Gram-
negative bacilli, and some respiratory pathogens
such as Haemophilus influenzae and Moraxella
catarrhalis. In 1983, a B-lactamase capable of
hydrolysing extended-spectrum cephalosporins
was documented, based on genetic and functional
characteristics, in strains of Klebsiella pneumoniae
from Germany.l!! Similar reports from elsewhere
in Europe and the US quickly followed.[>3] Be-
cause of their spectrum of activity against oxyimino-
cephalosporins, these enzymes became known as
extended spectrum [-lactamases (ESBLs).

Currently, over 150 ESBLs have been described
in a worldwide distribution.[*] This paper summa-
rises some of the biological characteristics of
ESBLs, their prevalence and how they can be de-
tected in the clinical microbiology laboratory. In
addition, the clinical significance of ESBLs is dis-
cussed and recommendations for therapy are of-
fered.

1. Biological Characteristics of
Extended-Spectrum -Lactamases
(ESBLs)

A recent extensive review discussing the molec-
ular characterisation of ESBLs has been published
by Bradford and will not be reproduced here.[*
Currently, B-lactamases are defined through the
classification scheme proposed by Bush and col-
leagues that is based on molecular characteristics
of the gene and enzyme rather than phenotypic hy-
drolysis characteristics alone.’) ESBLs, which
have been isolated from a wide variety of En-
terobacteriaceae,*! as well as Pseudomonas aeru-
ginosal®”l and Capnocytophaga ochracea,® are
strictly defined as B-lactamases capable of hydrol-
ysing penicillins, broad- and extended-spectrum
cephalosporins, and monobactams, and are inhib-
ited by clavulanic acid (functional group 2be as
defined by Bush-Jacoby-Medeiros). These pheno-
typic characteristics differentiate ESBLs from
AmpC type B-lactamases, which are another group
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of enzymes that are commonly isolated from
extended-spectrum cephalosporin-resistant Gram-
negative bacteria. AmpC B-lactamases are typi-
cally encoded on the chromosome of many Gram-
negative bacteria including Escherichia coli,
Citrobacter freundii and Enterobacter spp., but
can also be found on plasmids.”) AmpC pB-
lactamases, in contrast to ESBLs, hydrolyse broad-
and extended-spectrum cephalosporins but are not
inhibited by clavulanic acid or other B-lactamase
inhibitors.

1.1 TEM-Type ESBLs

The native TEM-1 B-lactamase confers resis-
tance to ampicillin, penicillin and first-generation
cephalosporins such as cephalothin. This enzyme,
which is responsible for 90% of ampicillin-resis-
tance in E. coli isolates,!" is also responsible for
penicillin resistance in H. influenzae and Neisseria
gonorrhoeae. Mutations within the blagen. | struc-
tural gene, presumably through antibacterial sel-
ection, have allowed the enzyme to expand the
hydrolysis capabilities to particular extended-
spectrum cephalosporins and aztreonam, while
maintaining its original hydrolysis capabilities.
TEM-2, the first variant described, differed from
TEM-1 through the substitution of a lysine for a
glutamine at position 39.1''1 However, TEM-2 is
not considered an ESBL as the substrate profile is
identical to TEM-1. Consequently, amino acid sub-
stitutions at 12 separate amino acid positions, act-
ing alone or in concert with other structural gene
mutations, have been defined in over 90 described
TEM-1-or TEM-2-derived ESBLs.[! As expected,
each TEM-derived ESBL has a slightly different
substrate profile in which one ESBL may
hydrolyse a specific extended-spectrum cephalo-
sporin more efficiently than another ESBL. Al-
though many ESBLs have subtle differences in
substrate profile, these differences cannot be relied
upon to differentiate between enzymes and dis-
crimination requires analysis of the amino acid se-
quence. A complete listing of amino acid se-
quences of TEM- and SHV-derived (see section
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1.2) ESBLs can be found at http://www.lahey.org/
studies/webt.htm.

1.2 SHV-Type ESBLs

The native SHV-1 -lactamase, found primarily
in K. pneumoniae,is a plasmid or chromosomally
encoded-enzyme that confers resistance to penicil-
lins and first-generation cephalosporins.['0 As
with TEM-1, specific mutations within the blagpy-;
structural gene expand the hydrolysis capabilities
of SHV-1 to extended-spectrum cephalosporins
and monobactams. Fewer ESBL variants have
been described for SHV-1 than with TEM-1; cur-
rently 36 SHV-derived ESBLs are described at
http://www .lahey.org/studies/webt.htm.

1.3 Other ESBLs

Other ESBLs have recently been described that
are not closely related to TEM-1- or SHV-1-derived
enzymes.[*! These B-lactamases, which are found
in a variety of different species within the family
Enterobacteriaceae and P. aeruginosa, include OXA-
type,[*12) CTX-M-typel*!3! and PER-typel*!415] [3-
lactamases among others. The preferred substrate
of these ESBLs differs significantly ranging from
cefotaxime (CTX-M-type) to ceftazidime (PER-
type). Although not strictly defined as an ESBL,
another group of B-lactamases, called the inhibitor
resistant B-lactamases, have been isolated with in-
creasing frequency.!*'% The inhibitor resistant [3-
lactamases are mostly TEM-derived, where 19
separate variants have been described.*l These
TEM variants are resistant to the inhibition of
clavulanic acid and sulbactam, but not tazo-
bactam,[!”l and do not hydrolyse extended-spec-
trum cephalosporins.

2. Laboratory Detection of ESBLs

Detection of isolates expressing ESBLs in the
clinical microbiology laboratory is not a trivial un-
dertaking. Although a particular ESBL will typi-
cally confer resistance to at least one particular
expanded-spectrum cephalosporin or aztreonam,
the minimum inhibitory concentration (MIC) may
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not be high enough for the strain to be called ‘re-
sistant’ under current interpretations of the Na-
tional Committee for Clinical Laboratory Stand-
ards (NCCLS).I!81 Because of the clinical
significance of ESBLs, specific guidelines for the
detection of ESBL-expressing organisms were
proposed in 1999 by the NCCLS.!'%) The presence
of an ESBL is suggested if bacterial growth is ob-
served despite a concentration of 1 pg/ml of at least
one of three expanded-spectrum cephalosporins
(ceftazidime, ceftriaxone or cefotaxime) or aztre-
onam, or growth occurs despite a concentration of
4 ng/ml of cefpodoxime. The use of more than one
antibacterial agent for screening improves the sen-
sitivity of detection of ESBLs. Phenotypic confir-
matory tests include the addition of clavulanic acid
to both ceftazidime and cefotaxime. A =3 serial-
dilution concentration decrease in a MIC for either
antibacterial agent tested in combination with
clavulanic acid versus its MIC when tested alone
constitutes a positive phenotypic test for an ESBL.
If disk diffusion is used by the laboratory, a 25mm
increase in zone diameter for either cefotaxime or
ceftazidime tested with clavulanic acid versus its
zone size when tested alone is considered a posi-
tive phenotypic ESBL test. It is important to note
that the NCCLS confirmatory tests are only in-
tended for the detection of ESBLs found in E. coli,
K. pneumoniae, and K. oxytoca. Chromosomally
encoded AmpC [-lactamases found in Entero-
bacteriaceae, such as Enterobacter cloacae and C.
freundii can interfere with clavulanic acid inhibi-
tion of an ESBL. Because of the fact that E. cloa-
cae and C. freundii are important nosocomial
pathogens, specific NCCLS methodology guide-
lines are needed to detect ESBLs in species that
produce chromosomally encoded inducible AmpC
B-lactamases.[20-23]

Although the methods described in the previous
paragraph are those published by the NCCLS as
ESBL confirmatory tests, there are other methods
that investigators have used to phenotypically de-
tect ESBLs in the clinical microbiology labora-
tory.
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2.1 Double Disk Approximation Test

In this test, first described by Jarlier et al. in
1988, the organism to be tested is spread onto a
Mueller-Hinton Agar plate.[**! Next, two antimi-
crobial disks are placed 30mm apart (centre to
centre). One of the disks contains amoxicillin/
clavulanic acid and the other contains an ex-
panded-spectrum cephalosporin (for example,
ceftriaxone, cefotaxime or ceftazidime). The test is
positive if, after 24-hour incubation, the zone of
inhibition in between the disks is enhanced. The
enhancement is due to the inhibition of the ESBL
by clavulanic acid (provided by the amoxicillin/
clavulanic acid disk) and the subsequent action of
the expanded-spectrum cephalosporin. This test re-
mains a reliable method to detect ESBLs in the
clinical laboratory but at times can be difficult to
read. It has been suggested that the sensitivity of
the test can be increased if the disks are placed both
30mm and 20mm apart.[?%]

2.2 Three-Dimensional Test

In this test, the organism to be tested is spread
onto a Mueller-Hinton agar plate and a slit is cut
into the agar the length of the plate.*>! The test
organism is then inoculated into the slit and an ex-
panded-spectrum cephalosporin is placed 3mm
from the slit. A distorted zone on the side of the slit
is considered a positive test. The test was shown to
be as sensitive at detecting ESBLs as the double-
disk approximation test but is more technically
challenging.[25-26]

2.3 E-Test

AB Biodisk (Solna, Sweden) has introduced a
two-sided ESBL E-test strip that contains either a
combination of ceftazidime and ceftazidime/
clavulanic acid or cefotaxime and cefotaxime/
clavulanic acid. Both strips have a decreasing gra-
dient of ceftazidime or cefotaxime alone on one
end and a decreasing gradient of ceftazidime or
cefotaxime plus a fixed gradient of clavulanic acid
on the other end. A >3log reduction in the MIC of
cefotaxime or ceftazidime in the presence of
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clavulanic acid is considered a positive test. The
E-test was shown to be more sensitive in detecting
ESBLs than the double-disk appropriation test in
one study!?’! and less sensitive in another.!26! This
discrepancy found between these two studies could
be because only the ceftazidime/ceftazidime-
clavulanic acid E-test strips were used in both
studied instead of both the ceftazidime/cefta-
zidime-clavulanic acid strip and the cefotaxime/
cefotaxime-clavulanic acid strip as suggested by
the manufacturer.

2.4 Vitek

The Vitek automated susceptibility system
(Biomerieux, Hazlewood, Missouri, USA) has in-
troduced an ESBL test on their system whereby
ceftazidime and cefotaxime are tested alone and in
combination with clavulanic acid. Logarithmic re-
duction in growth within the well containing
clavulanic acid compared to the well not contain-
ing clavulanic acid indicates expression of an
ESBL. The ESBL test in combination with the
Vitek 2 Advanced Expert System software repre-
sents a very sensitive methodology to detect ES-
BLs in clinical isolates.[?8-3%]

If an ESBL is detected, all penicillins,
aztreonam and cephalosporins including cefepime
(but excluding cefoxitin and cefotetan as ESBLs
typically do not hydrolyse cephamycins) are to be
reported as resistant regardless of the original sus-
ceptibility report. For infection control purposes, a
comment should be added to the final susceptibil-
ity report stating that the particular isolate is an
ESBL producer so that appropriate isolation pre-
cautions can be employed (see section 5). Conflict-
ing recommendations regarding the reporting of
susceptibility tests for B-lactam/B-lactamase inhib-
itor combinations (for example, piperacillin/
tazobactam, ampicillin/sulbactam and amoxicillin/
clavulanic acid) exist. Although successful treat-
ment of infections caused by ESBL-producing iso-
lates with B-lactam/B-lactamase inhibitor combi-
nations has been reported, in vivo susceptibility to
these agents may be ESBL-specific. For example,
Thomson and Moland demonstrated that TEM-
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derived ESBLs were more susceptible to pip-
eracillin/tazobactam than SHV-derived ESBLs;
even when a 100-fold greater inoculum was
used.3! Currently, the decision to report in vitro
susceptibility results for B-lactam/B-lactamase in-
hibitor combinations should be individualised and
should be made after consultation with experts in
infectious diseases, pharmacy and clinical micro-
biology.

It is important to note that the clinical microbi-
ology laboratory is obviously the first line of de-
fence in the detection and control of the spread of
ESBLs. Therefore, it is imperative that laboratory
personnel are well versed in the detection of these
organisms as the consequence of not detecting
them may lead to treatment failures.!32-3¢] Unfor-
tunately, many clinical laboratories have a funda-
mental lack of understanding regarding ESBLs
and AmpC B-lactamases and their detection. This
has been documented in a study in Connecticut,
USA, where it was found that 21% of laboratories
failed to detect extended-spectrum cephalosporin
and aztreonam resistance in ESBL and AmpC-
producing Enterobacteriaceae control strains.3”)
Whereas various methodologies will invariably
unfold to detect both ESBLs and AmpC B-
lactamases in a variety of Gram-negative organ-
isms, it is important for both academia and the
NCCLS to methodically educate clinical microbi-
ology laboratorians in the appropriate detection of
these antibiotic-resistant pathogens.

3. Prevalence of ESBLs

The true prevalence of ESBLs is not known and
is probably underestimated because of difficulties
encountered in their detection. However, it is clear
that ESBL-producing organisms are distributed
worldwide and their prevalence is increasing.

3.1 Europe

As noted in the introduction, ESBLs were first
described in 1983 from Germany and England.
The proliferation of ESBLs over the last two de-
cades has been noteworthy. The prevalence of
ESBL-producing Klebsiella spp. varies from country-
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to-country.[*8] For example, in a survey of labora-
tories in the Netherlands less than 1% of E. coli
and K. pneumoniae strains possessed an ESBL.13!
While in France and Italy, ceftazidime resistance
was observed in as many as 40% of strains of K.
pneumoniae.l*%! It is not known why the preva-
lence varies so widely in closely related regions.

3.2 North America

The first reports of ESBL-producing organisms
in the US appeared in 1988.14!1 The prevalence of
ESBL production amongst Enterobacteriaceae in
the US ranges from 0 to 25% with the national
average being approximately 3%.[4 The Centers
for Disease Control and Prevention (CDC) re-
ported that in US intensive care unit (ICU) pa-
tients, the rate of extended-spectrum cephalospo-
rin resistance in strains of E. coli rose 48% when
comparing the 1999 rate to the mean rate of resis-
tance over the preceding 5 years (1994-1998).[42]
The rate of extended-spectrum cephalosporin re-
sistance in isolates of K. pneumoniae recovered
from US ICU patients was 10.4% in 1999.14?]

3.3 Latin America

ESBL-producing strains of Enterobacteriaceae
appear to be common in many Latin American
countries.[*3-43 For example, the SENTRY antimi-
crobial surveillance programme noted, in approx-
imately 10 000 bacterial isolates from ten centres
widely distributed throughout South America, that
45% of K. pneumoniae and 8.5% of E. coli ex-
pressed an ESBL.[43]

3.4 Asia and Australia

The prevalence of ESBL-producing strains of
Enterobacteriaceae varies from country to country
and from species to species in Asia.[*346-501 For
example, in E. coli the rate of resistance varied
from 5% in Korea to 23.3% in Indonesia.l*”! How-
ever, the same study noted the rate of ESBL-medi-
ated resistance in Klebsiella spp. was 48.8% in
Korea and ranged from 20-40% throughout
Southeast Asia, China and Japan.[*”] Outbreaks of
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infection due to ESBL-producing organisms have
been described widely in Australia.

3.5 Africa and Middle East

Although national surveillance data are lacking,
outbreaks of infection due to ESBL-producing or-
ganisms have been noted in some African na-
tions.[31]

4. Clinical Significance

It is generally recognised that patients infected
with ESBL-producing organisms are at risk for
poor outcome if they are treated with antibacterials
to which the organism exhibits high-level resis-
tance. The mortality rate in these ‘susceptibility/
treatment mismatched patients’ has ranged from
42-100%.152-54] However, some confusion results
when susceptibility testing reveals a cephalosporin
MIC in the susceptible range for an organism pro-
ducing an ESBL. There are reports of patients with
urinary tract infections due to ESBL-producing
bacteria successfully treated with cephalospo-
rins.132.331 Such cases have been cited to preclude
routine testing for ESBLs. However, Patterson and
colleagues recently examined this issue by review-
ing outcomes in 32 cephalosporin-treated patients
infected with an ESBL-producing organism in
which the in vitro susceptibility test did not indi-
cate resistance.[?®] Four of four patients experi-
enced clinical failure when the MIC was in the in-
termediate range and 15 of 28 (54%) were regarded
as treatment failures even though the susceptibility
test indicated the organism was fully susceptible.
Therefore, it is currently recommended that any
organism found to produce an ESBL be regarded
as resistant to all extended spectrum B-lactam an-
tibacterials regardless of the in vitro MIC result.!!%]

Some of these clinical failures may be due to
large numbers of organisms in the local environ-
ment (inoculum effect). The MIC of most cephalo-
sporins increases dramatically when the inoculum
of organisms is increased 10- to 100-fold.[31->6]
This phenomenon has also been observed in in vivo
models of infection.[>7->81 There are certainly infec-
tions in the human host in which the bacterial bur-
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den can reach these levels (106107 cfu/ml). Thus,
the burden of evidence suggests that ESBLs are
clinically significant and, when present, indicate
the need to use appropriate antibacterials in the
treatment of infection.

5. Epidemiology and Infection Control

5.1 Outbreaks

As previously discussed in section 3, ESBL-
producing Enterobacteriaceae are distributed
worldwide and are of increasing prevalence. A
large number of outbreaks of infection due to
ESBL-producing organisms have been described
on every continent of the globe except Antarctica
and a full review is beyond the scope of this paper.
Table I summarises the major features of these out-
breaks. Briefly, most outbreaks have occurred in
debilitated, hospitalised patients located in ICUs.
However, outbreaks have been described in out-of-
hospital locations such as nursing homes, geriatric
centres and rehabilitation units.[>%-631 Both adult
and paediatric patients have been involved. Other
specific patient populations have included solid or-
gan transplant recipients,[%+%5] oncology pa-
tients,33-%1 burn patients®’! and neonates.[68-71]
Most commonly, K. pneumoniae and E. coli are the
bacterial species incriminated, but outbreaks have
been observed due to Enterobacter spp., Pseudom-
onas spp., Citrobacter spp., Salmonella spp.,
Serratia spp. and Morganella sp. The potential di-
versity and promiscuity of microbes was docu-
mented in one hospital outbreak in Poland in which
seven different species of Enterobacteriaceae were
involved.[?]

Risk factors for acquisition of ESBL-producing
Enterobacteriaceae are listed in table I, and gener-
ally are indicators of severity of illness and medical
intervention. Reservoirs and vectors for infection
have included thermometers,[791 oxygen probes,[°!
liquid soap,[%®! cockroaches,5!1 ultrasound gell”3!
and healthcare workers.[”* One outbreak was as-
sociated with severe cases of necrotising enteroco-
litis.[7>]
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Table I. Outbreaks of infection due to extended-spectrum -
lactamase (ESBL)-producing Enterobacteriaceae

Outbreak populations
Adults

Intensive care units

Solid organ transplantation
Bone marrow transplantation
Long-term care units
Paediatrics

Neonatal intensive care units
Paediatric intensive care units
Solid organ transplantation

Risk factors for acquisition of ESBL-producing En-
terobacteriaceae
Severity of illness
Length of hospital stay
Length of intensive care unit stay
Invasive procedures
Intravascular devices
arterial catheters
central venous catheters
Administration of total parenteral nutrition
Mechanical ventilatory assistance
Urinary catheters
Gastrostomy, jejunostomy or nasogastric tubes
Age
Haemodialysis
Decubitus ulcers
Poor nutritional status
Low birth weight
Antibacterial administration
extended-spectrum cephalosporins
aztreonam
fluoroquinolones
cotrimoxazole (trimethoprim/sulfamethoxazole)
aminoglycosides
metronidazole

Reservoirs/vectors

Healthcare worker hand colonisation
Contaminated ultrasonography gel
Thermometers

Cockroaches

5.2 Molecular Typing

A variety of molecular methods have been used
to study the epidemiology of ESBL-producing
bacteria. These methods include plasmid profiles,
pulsed-field gel electrophoresis (PFGE), ribotyp-
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ing, arbitrarily primed polymerase chain reaction
(PCR) and random amplified polymorphic DNA
(RAPD). Oftentimes, a single strain or a geneti-
cally related group of strains expand clonally in an
institution. Endemic strains have been shown to
persist in certain units for years.[*0] However, at
other times the epidemiological situation may be
quite complex. ESBLs are most often encountered
on plasmids that can transfer from strain to strain.
In an outbreak characterised by Weiner et al., a
plasmid expressing a TEM-10 ESBL was docu-
mented in multiple strains of E. coli and K. pneu-
moniae in numerous patients in several different
hospitals and nursing homes.[’¢! Similarly, in a
population of paediatric transplant recipients, an
outbreak of ESBL-producing K. pneumoniae was
shown to involve multiple strains of bacteria, a
number of plasmids and different B-lactamases,
even though it was observed in a small clinical
population in a specific unit over a relatively short
period of time.”7) Similarly, in a report from
France, a plasmid carrying a TEM-24 ESBL was
found in four different species of Entero-
bacteriaceae from a single patient, clearly demon-
strating the promiscuous nature of the plasmid.[”8!

5.3 Infection Confrol Issues

Several infection control factors should be
emphasised when faced with combating the spread
of ESBL-producing organisms. These issues in-
clude such things as isolation precautions, envi-
ronmental decontamination and antibacterial us-
age patterns, and are summarised in table II.
Antibacterial use protocols bear special mention,
particularly if molecular epidemiological typing
studies suggest polyclonal evolution of an out-
break, possibly indicating the effect of antibacte-
rial selective pressure. As previously related, nu-
merous studies have indicated that the use of
extended-spectrum cephalosporins in particular,
and other antibacterials in general, are associated
with outbreaks of ESBL-producing Entero-
bacteriaceae. Consequently, restriction of the use
of extended-spectrum cephalosporins is the most
common antibacterial-restriction measure em-
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Table Il. Infection control recommendations to prevent the spread
of extended-spectrum B-lactamase (ESBL)-producing
Enterobacteriaceae

Isolation measures

Private room, private bathroom

Contact isolation (gloves, gowns)

Hand hygiene compliance

Dedicated equipment (thermometers, stethoscopes, etc.)

Identification of patients

Patient charts should be ‘flagged’ so that contact isolation for
ESBL-colonisation can be considered on subsequent admissions
Thorough decontamination of environment-of-care with routine
low-level disinfectant (quaternary ammonium, phenolic)

Antibacterial use

Antibacterial use protocols should be instituted to eliminate
indiscriminate use of antibacterials and decrease selective
pressure for ESBL-producing strains of bacteria

ployed in controlling outbreaks of ESBL-produc-
ing organisms.!7?8% Often, restriction of extended-
spectrum cephalosporin use is accompanied by
switching empirical therapy for serious infections
to other classes of antibacterials. The two most
studied alternatives are imipenem and piper-
acillin/ tazobactam.’28!1 For example, Rice et al.
reported successful control of an outbreak of
ESBL-producing K. pneumoniae associated with a
switch in therapy from ceftazidime to piper-
acillin/tazobactam.[3%) Interestingly, a decrease in
the rate of resistance to piperacillin/tazobactam
was also observed.

Other infection control measures that have been
used in combating outbreaks have included the fol-
lowing: gut decontamination,/® povidone-iodine
nasal spray,[®3 staff cohorting and reorganisa-
tion,133! and temporary ward closure.[70]

6. Treatment of Infections Due to
ESBL-Producing Organisms

ESBLs are clinically significant and patients in-
fected with ESBL-producing Enterobacteriaceae
experience a greater likelihood of poor outcome if
they are treated with inappropriate antibacteri-
als.36:41,521 The exception is uncomplicated uri-
nary tract infections where a very high urinary
concentration of [-lactam antibiotics can be
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achieved.[*!) Unfortunately, other resistance deter-
minants are often linked on the same resistance
plasmid and ESBL-producing strains often exhibit
multi-resistance. The following discussion sum-
marises considerations in the treatment of ESBL-
producing bacteria.

The cephamycins (e.g. cefoxitin, cefotetan) are
structurally more stable than other cephalosporins
to ESBL-mediated hydrolysis and many ESBL-
producing Enterobacteriaceae remain susceptible
to cephamycins in in vitro tests. However, there is
very limited clinical information regarding treat-
ment of serious infections due to ESBL-producing
organisms with cephamycins. Clinical failure has
been documented because of the emergence of re-
sistance while a patient is receiving cephamycin
therapy as a result of the development of porin-
deficient mutants.[8283] In addition, increasing
numbers of ESBL-producing strains express mul-
tiple B-lactamases including Amp C type enzymes
that mediate resistance to cephamycins.[84

Cefepime, an oxyimino B-lactam with an amino
thiazolyl side chain, that is often referred to as a
fourth-generation cephalosporin, is active against
most ESBL-producing organisms, particularly
those with SHV derived enzymes.[3>8¢] In addi-
tion, there are some data from in vivo models to
support the use of cefepime in the treatment of
infections due to ESBL- producing Enterobac-
teriaceae.[®”1 However, cefepime susceptibility ap-
pears to decrease with increasing inoculum in in
vitro susceptibility tests!*!88] and in in vivo mod-
els.39 Extensive clinical experience with cefe-
pime in the treatment of infections due to ESBL-
producing microbes is lacking but clinical failures
have been observed.[?¢! In addition, use of cefe-
pime has been associated with selection of ESBL-
producing organisms and outbreaks of infec-
tion.[®9 Therefore, until more clinical data is
available, clinicians should not regard cefepime as
a first line therapy for ESBL-producing organisms
and, if used, it should be given at high dose (=2g
every 12 hours) usually in combination with other
active agents (aminoglycosides, fluoroquinolones).
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ESBLs are usually inhibited by B-lactamase in-
hibitors, such as clavulanic acid, sulbactam or
tazobactam. Therefore, use of B-lactam/B-lactam-
ase inhibitor combinations has been considered for
the treatment of infections due to ESBL-producing
organisms. In vitro and in vivo models indicate po-
tential efficacy of -lactam/B-lactamase inhibitor
combinations.”!"%31 Unfortunately, as previously
related, organisms expressing multiple [B-lact-
amases as well as porin deficient mutants are being
described with increasing frequency. In addition,
the activity of these agents appears to be influ-
enced by inoculum, dose administration regimen
and the type of enzyme. Some TEM-derived [-
lactamases are resistant to B-lactamase inhibi-
tors.[416:17] There is limited clinical experience
with the use of J-lactam/B-lactamase inhibitors in
treating serious infections with ESBL-producing
organisms and because of the variables cited in the
previous two sentences, these agents should gen-
erally not be considered as first line therapy.

Because the B-lactamases do not influence the
activity of non-B-lactam agents, fluoroquinolones
have been considered as attractive alternatives in
the treatment of infections due to ESBL-producing
organisms. Unfortunately, there is an increasing
association between ESBL production and fluoro-
quinolone resistance.l+%1 Although fluoroquin-
olone resistance is usually chromosomally medi-
ated, transferable plasmid-mediated resistance
has been documented with an AmpC type -
lactamase.[331 However, this appears to be a very
rare event. In addition, a porin-deficient mutant
with elevated MICs to fluoroquinolones has been
observed in a strain of K. pneumoniae harbouring
a plasmid-mediated ESBL.[%¢

Some of the same considerations regarding
fluoroquinolones and ESBLs are also pertinent for
the aminoglycosides. Although ESBLs have no
intrinsic effect on the activity of the aminogly-
cosides, aminoglycoside-resistance is often co-
transferred with plasmids mediating ESBLs.[?7]
The relationship between ESBL expression and
multi-resistance can be complex and is influenced
by the location of resistance genes on integrons
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that possess promoters that drive the coordinated
expression of downstream resistance cassettes.[98]
Therefore, aminoglycosides are often not appro-
priate therapeutic choices for strains expressing an
ESBL.

Currently, carbapenems are generally regarded
as the preferred agent for treatment of infections
due to ESBL-producing organisms. Carbapenems
are resistant to ESBL-mediated hydrolysis!!% and
exhibit excellent in vitro activity against strains of
Enterobacteriaceae expressing ESBLs.[85:99,100]
Clinical data supports the use of carbapenems for
treatment of infections due to ESBL-producing or-
ganisms.!101102] For example, Meyer et al. related
that during an outbreak of ESBL-producing K.
prneumoniae the clinical outcome was most favour-
able amongst those patients treated with im-
ipenem/cilastatin.[>?] Paterson and colleagues ob-
served a similar difference in outcome between
imipenem-treated patients and those receiving
other active antibacterials in a group of patients
with bacteremia due to ESBL-producing K. pneu-
moniae.'%! Newer carbapenems such as erta-
penem or faropenem also exhibit excellent activity
against ESBL-producing organisms,!'%41051 and
have various pharmacokinetic advantages over ex-
isting agents such as improved oral bioavailability
or extended half-life. Although plasmid-mediated
carbapenemases are unusual,!'% chromosomally-
mediated, extended-spectrum serine proteases
(group 2F) and metallo-B-lactamases, active
against carbapenems, are not uncommon.!!% Car-
bapenem-resistance, due to alterations in porin
proteins, has been observed to develop in K. pneu-
moniae. In addition, increased use of carbapenems
to treat ESBL-producing organisms has been asso-
ciated with the emergence of carbapenem-resistant
organisms such as Acinetobacter spp., Steno-
trophomonas maltophilia or Pseudomonas spp.

7. Conclusion

ESBLs are an example of the increasing number
and diversity of enzymes that inactivate B-lactam-
type antibacterials. The combination of these en-
zymes with other resistance traits give strong tes-
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timony as to the resilience of microbes and their
ability to adapt to their environment. Our ability to
successfully treat infections due to these increas-
ingly resistant organisms demands a multifactorial
approach combining continued research and devel-
opment of novel classes of antibacterials, more
prudent use of existing agents and an increased em-
phasis on more effective infection control meas-
ures.
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