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ABSTRACT

Extended-spectrum beta-lactamases (ESBLSs) constitute a
growing class of plasmid-mediated 3-lactamases which
confer resistance to broad spectrum beta-lactam
antibiotics. They are commonly expressed by
Enterobacteriaceae but the species of organisms producing
these enzymes are increasing and this is a cause for great
concern. The prevalence of ESBL - producing organisms
is increasing worldwide and several outbreaks have been
reported. Serious infections with these organisms are
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associated with high mortality rates as therapeutic
options are limited. The emergence of ESBLS creates a
real challenge for both clinical microbiology laboratories
and clinicians because of their dynamic evolution and
epidemiology, wide substrate specificity with its
therapeutic implications, their significant diagnostic
challenges and their prevention and infection control
issues. The aim of this review is to increase awareness
about this serious antibiotic resistance threat.

Enterobacteriaceae, plasmidmediated B-lactamases

INTRODUCTION

The accelerated emergence of antibiotic
resistance among the prevalent pathogens is the
most serious threat to the management of infectious
diseases. [3-lactam antibiotics are the most common
treatment for bacterial infections. Production of R3-
lactamases is the main mechanism of bacterial
resistance to these classes of antibiotics?. The first 3
-lactamase was identified in Escherichia coli prior to
the release of penicillin for use in medical practice®.
Many Gram-negative bacteria possess naturally
occurring, chromosomally mediated R-lactamases
(e.9., AmpC cephalosporinases of Enterobacteriaceae).
These enzymes may have some physiological role
in peptidoglycan assembly or may arise to defend
bacteria against [-lactams produced by
environmental bacteria and fungi®. The first
plasmid-mediated R-lactamase in Gram - negatives,
TEM-1, was reported in 1965 from an Escherichia coli
isolate belonging to a patient in Athens, Greece,
named Temoniera (hence the designation TEM)“,
The TEM-1 3-lactamase has spread worldwide and
is now found in different species of members of
Enterobacteriaceae, Pseudomonas aeruoginosa, Haemophilus
influenzae and Neisseria gonorrhoeae®®. Another
common plasmid-mediated B-lactamase found in
Klebsiella pneumoniae and Escherichia coli is SHV-1
(named after the sulfhydryl “variable” active site)?.

Address correspondence to:

The extended-spectrum [3-lactams (ESBLS)
became widely used in the treatment of serious
infections due to Gram-negative bacteria in the
1980’s®!., Resistance to these newer B-lactams due to
[3-lactamases emerged quickly®. The first report of
plasmid-encoded R-lactamases capable of hydrolyzing
the extended-spectrum cephalosporins  was
published in 1983M". A Klebsiella ozaenae isolate from
Germany possessed a R-lactamase, SHV-2, which
efficiently hydrolyzed cefotaxime and to a lesser
extent ceftazidime™. Sequencing showed that this
[3-lactamase differed from the parent enzyme SHV{;
1, by replacement of glycine by serine at the 238
position. Later on, many plasmid-encoded
extended-spectrum R-lactamases were recognized®9.,
They spread relatively quickly worldwide and
became well entrenched in many hospitals®21,

DEFINITION

ESBLs are known as extended-spectrum
because they are able to hydrolyze a broader
spectrum of R-lactam antibiotics than the simple
parent B-lactamases from which they are derived.
They are acquired plasmid-mediated R-lactamases.
They have the ability to inactivate [-lactam
antibiotics containing an oxyimino-group such as
oxyimino-cephalosporins (e.g., ceftazidime, ceftriaxone,
cefotaxime) as well as oxyimino-monobactam
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(aztreonam)®®. They are not active against
cephamycins and carbapenems. Generally, they are
inhibited by R-lactamase-inhibitors such as clavulanate
and tazobactam .

FUNCTIONAL AND MOLECULAR GROUPING

In the R-lactamase functional classification
scheme by Bush, Jacoby and Medeiros, ESBLs are
located in two subgroups of group 2, namely
subgroups 2be (extended-spectrum R-lactamases,
Ambler’s class A enzymes) and 2 d (cloxacillin-
hydrolyzing R-lactamases, Ambler’s class D
ESBLs)u,

ESBL PRODUCING ORGANISMS

ESBLs have been found in a wide range of
Gram-negative rods. However, the vast majority of
strains expressing these enzymes belong to the
family Enterobacteriaceae®™. Klebsiella pneumoniae
seems to remain the major ESBLproducer. Another
very important organism is Escherichia coli. It is
important to note the growing incidence of ESBLs
in Salmonella spp™. ESBLs have become more
prevalent among species with inducible AmpC [3-
lactamasest™.

Non-Enterobacteriaceae ESBL producers are
relatively rare with Pseudomonas aeruginosa being
the most important organism®4. ESBL has also been
reported in Acinetobacter spp, Burkholderia cepacia
and Alcaligenes fecalis®.

THE ORIGIN AND GENETIC DETERMINANTS
OF ESBLS

ESBL activity is demonstrated by enzymes with
substantial diversity in terms of structure and
evolutionary origin®*. The most prevalent ESBL
types have evolved through point mutations of key
amino acid substitutions in the parent TEM and
SHV enzymes®. TEM-1 is the most commonly
encountered: 3-lactamase in Gram-negative bacteria.
Upto 90% of ampicillin resistance in E.coli is due to
production of TEM-12. TEM-1 is able to hydrolyze
penicillin and early cephalosporin. TEM-2, the first
derivative of TEM-1, has a single amino acid
substitution when compared to the original R-
lactamase™™. A number of amino acid residues are
especially important for producing the ESBL
phenotype when substitutions occur at that
position. They include glutamate to lysine at
position 104, arginine to either serine or histidine at
position 164, glycine to serine at position 238 and
glutamate to lysine at position 240. The SHV-1 3-
lactamase is most commonly found in K.pneumoniae
and is responsible for up to 20% of the plasmid-
mediated ampicillin resistance in this species®®. The
changes that have been observed to give rise to
SHV variants occur in fewer positions within the

structural gene. Mutations in the OXAenzymes can
also give the ESBL phenotype, which is the only
ESBL belonging to class D. The OXA-type R-
lactamases are so named because of their oxacillin-
hydrolyzing abilities. These R-lactamases are
characterized by hydrolysis rates for cloxacillin and
oxacillin greater than 50% that for benzylpenicillin
and the fact that they are poorly inhibited by
clavulanic acid™. They predominantly occur in
Pseudomonas aeruginosa, but have been detected in
many other Gram-negative bacteria™. The genealogy
of other ESBL types is more mysterious, however,
genetic studies revealed similarities between some
of them and certain species specific 3-lactamases
belonging to Bush subgroup 2be and 2et*#),

The amino acid substitutions have been found
to affect enzyme structures and activity in different
wayst*l. These substitutions that occur within
TEM, SHV and OXA enzymes occur at a limited
number of positions. The combination of these
amino acid changes results in various subtle
alterations in the ESBL phenotype such as the
ability to hydrolyze specific oxyimino-cephalosporins
or changes in their isoelectric points. The most
important are the spectrum-extending mutations
which result in the expansion of the active site that
allows the increased activity against expanded
spectrum cephalosporins and may result in the
increased susceptibility to B-lactamase inhibitorst**624,

The selection pressure that drives the emergence
of ESBLs has usually been attributed to the intense
use of oxyimino-beta lactams, mainly the third-
generation cephalosporins®##l. However, the
constant or fluctuating pressure of various R-lactam
antibiotics including diverse oxyimino-compounds
as well as pencillins and early generation
cephalosporins has recently been proposed to affect
ESBL variation®. ESBL is characterized by highly
selective substrate preference. The selection of a
particular enzyme variant in a given center has
frequently been attributed to the specific profile of
antibiotic use but such a correlation has not always
been observed®.

The strong selective pressure for the use of B-
lactam drugs exerted on ESBL producer strains
may lead to the selection of strains that
hyperproduce ESBL, the emergence of strains
expressing different types of ESBLSs, the selection of
complex mutant enzymes with inhibitor resistant
phenotype or porin alteration which lead to the
development of resistance to cephamycins and
other antimicrobialst#2l, ESBL producing isolates
are frequently resistant to other antimicrobials®!.
The plasmids that harbor genes encoding ESBLs
frequently contain other genes encoding mechanisms
of resistance to aminoglycoside and cotrimoxazole®.
Quinolone resistance is frequently found in ESBL
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producer strains although the mechanism of co-
resistance is not clear®®,

The total number of ESBLs that are
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).

ESBL TYPES
TEM - beta - lactamases :

The TEM-type ESBL are derivatives of TEM-1
and TEM-2. Klebsiella pneumoniae isolates detected
in France as early as 1984 were found to harbor a
novel plasmid-mediated R-lactamases originally
named CTX-1 because of its enhanced activity
against cefotaxime®l. This enzyme, now termed
TEM-3, differs from TEM-2 by two amino acid
substitutions®. More than 100 TEM-type R-
lactamases have been described, the majority of
which are ESBLs. The amino acid changes in
comparison with TEM-1 and TEM-2 are documented
at http://www.lahey.org/studies/ temtable.htm.
Some mutants of TEM R-lactamases are being
recovered. They maintain the ability to hydrolyze
third-generation cephalosporins but also demonstrate
an inhibitor resistance. These are referred to as
complex mutants of TEM (CMT-1 to 4)&3, Although
TEM-type ESBLs are most often found in E.coli and
K.pneumoniae, they are also found in other species
of Gram-negative bacteriae with increasing
frequency®?. TEM-type ESBLs have been reported in
other genera of Enterobacteriaceae such as
Enterobacter  aerogenes, Enterobacter  cloacae,
Morganella morganii, Proteus mirabilis and Salmonella
spp®. Furthermore, TEM-type ESBL have been
found in non-Enterobacteriaceae gram-negative
bacteriae, e.g., Pseudomonas aeruginosa™.

SHYV - beta - lactamases:

The SHV-type of ESBL may be found in clinical
isolates more frequently than any other type of
ESBLsF. Unlike the TEM-type [3-lactamases, there
are relatively few derivatives of SHV-1. The
majority of SHV variants possessing an ESBL
phenotype are characterized by the substitution of
a serine for glycine at position 238. Also some have
a substitution of lysine for glutamate at position
240. The serine residue at position 238 is critical for
efficient hydrolysis of ceftazidime and lysine
residue is critical for the efficient hydrolysis of
cefotaximel. More than 50 SHV varieties are
described worldwide. The majority possess the
ESBL phenotype and inhibitor-resistant phenotype
have been reported in few of the SHV enzymes®.,
SHV-type of ESBLs has been detected in a wide
range of Enterobacteriaceae®**4, Qutbreaks of SHV-

producing Pseudomonas aeruginosa and Acinetobacter
spp. have been reported®*,

CTX-M and Toho- beta - lactamases:

CTX-M is a recently described family of the
extended-spectrum RB-lactamases®!. The name CTX
reflects the potent hydrolytic activity of these RB-
lactamases against cefotaximel®l. These enzymes
hydrolyze cephalothin better than benzylpenicillin
and they preferentially hydrolyze cefotaxime over
ceftazidime. While ceftazidime MICs are usually in
the apparently susceptible range, some of the CTX-
M-type R-lactamases confer resistance to this
drug™. Aztreonam MICs have been found to be
variable. CTX-M-type R-lactamases hydrolyze
cefipime with high efficiency*. They are inhibited
better by the B-lactamase inhibitor tazobactam than
by sulbactam and clavulanate. Rather than
arising by mutation, they represent examples of
plasmid acquisition of beta - lactamase genes that
are normally found on the chromosome of Kluyvera
speciest*l. CTX-M-ESBLs were predominantly found
in three geographic areas: South America, the Far
East and Eastern Europet“*9. However, in recent
years, CTX-M-type ESBLs have been reported in
Western Europe, North America, China, Japan and
India®**, CTX-M type R-lactamases may be the
most frequent type of ESBLs worldwide. The
number of CTX-M-type R-lactamases is rapidly
expanding. More than 40 CTX-M variants are
currently known®l!, They have been found in
different Enterobacteriaceae including Salmonella
spp®®. Toho-1 and Toho-2 are B-lactamases that are
structurally related to CTX-M-type [-lactamases
and they have similar hydrolytic activity against
cefotaxime (Toho refers to the Toho-University
School of Medicine, Omari Hospital in Tokyo,
where a child who was infected with Toho-1 B-
lactamase-producing  Escherichia  coli ~ was
hospitalized)® !,

OXA - beta - lactamases :

The OXA-type R-lactamases are another
growing family of ESBLs. The OXA-type ESBLs
were originally discovered in Pseudomonas
aeruginosa isolates from a single hospital in
Ankara,Turkey®. Several of the OXA-type ESBLs
have been derived from the original OXA-10 B-
lactamase (e.g., OXA -11, 14, 6 and 17)F%, In
contrast to the majority of OXA-type ESBLs, which
confer resistance to ceftazidime, the OXA-17 [3-
lactamase confers resistance to cefotaxime and
ceftriaxone but provides only marginal protection
against ceftazidime®™. A novel ESBL (OXA-18) was
reported to be inhibited by clavulanic acid®. Many
of the newer members of OXA-type of ESBLs have
been found mainly in Pseudomonas aeruginosa
isolates originating from Turkey and France® &I,
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Other ESBLS:

A variety of other RB-lactamases which are
plasmid-mediated or integron-associated class A
enzymes have been recently discovered. They are
not simple point mutations of any known B&-
lactamases. They are characterized by their
geographic diversity.

PER:

The PER-type-ESBLs share only around 25 to
27% homology with the known TEM- and SHV-
type ESBLs®. PER-1 R-lactamase efficiently
hydrolyzes penicillins and cephalosporins and is
susceptible to clavulanic acid inhibition. The PER-1
R-lactamase was first detected in strains of
Pseudomonas aeruginosa isolated from Turkey®.
Later, it was found among isolates of Salmonella
enterica serovar Typhimurium and Acinetobacter
baumanii, Porteus mirabilisand Alcaligenes fecalis®®47,
Although PER-1 enzyme has been predominantly
found in Turkey, it was detected also in France,
Italy, Belgium and Korea®®, PER-2, which shares
86% homology to PER-1, has been detected in
Salmonella enterica serovar Typhimurium, E.coli,
K.pneumonia, Proteus mirabilis, and Vibrio cholera O1,
El Tores, Hoewever, PER-2 has only been found
in South America!®©,

VEB:

VEB-1 has greatest homology to PER-1 and PER-
2 (38%). It confers high level of resistance to
ceftazidime, cefotaxime and aztreonam,which is
reversed by clavulanic acid. VEB-1 was first found
in a single isolate of E.coli from Vietnam™. An
identical beta-lactamase has also been found in
K.pneumonia, Enterobacter cloaca and Pseudomonas
aeruginosa isolates in Thailand". Other VEB enzymes
have also been detected in Kuwait and Chinal™.

A few ESBLs have been reported but are
uncommon and are found at a limited number of
geographic sites®®. GES and IBC beta-lactamases
are found mainly in P.aeroginosa™™. Other rare
ESBLs found in Enterobacteriaceae are BES, SFO and
TLA[75,76,77]'

EPIDEMIOLOGY

ESBLproducing organisms have been increasingly
detected worldwide. Their prevalence varies from
one country to another and from institution to
institution. A survey on 81,213 bloodstream
infecton pathogens during 1997 - 2002 showed that
the Klebsiella spp. with an ESBL phenotype was
isolated at a rate of 42.7% in Latin America, 21.7%
in Europe and 5.8% in North America™. The Pan
European Antimicrobial Resistance using Local
Surveillance (PEARLS) study (2001 - 2002) showed
that the percentages of ESBL production among E.

coli and K. pneumoniae and Enterobacter spp. were
5.4, 18.2 and 8.8% respectively for all the study
sites. The overall ESBL production rate for the
combined Enterobacteriaceae was 10.5%. The highest
rates were encountered in Egypt (38.5%) and
Greece (27.4%) and lowest in the Netherlands (2%)
and Germany (2.6%)". In Japan, the percentage of
ESBL production in E.coli and K. pneumoniae
remains low™. Elsewhere in Asia the percentage
varies form 4.8% in Korea to 12% in Hong Kong®"
@, Although the exact prevalence of ESBL in the
Kingdom of Saudi Arabia (KSA) is currently
unknown, the PEARLS study (2001 - 2002) showed
that the overall ESBL production rate from
Enterobacteriaceae was (18.6%) and other reports
from KSA suggest that ESBL producers are
common and began to disseminate between
hospitals®l, In a tertiary care hospital in Riyadh,
48.4% of K. pneumoniae and 15.8% of E.coli blood
culture isolates collected from January 2003
through December 2004 were ESBL producers®.

Infection and colonization with ESBLproducing
organisms are usually hospital-acquired especially
in intensive care units (ICUs)#1. Other hospital
units that are at increased risk include surgical
wards, pediatrics and neonatology, rehabilitation
units and oncology wards®*. Community clinics
and nursing homes have also been identified as a
potential reservoir®. Recent studies have demonstrated
the danger of ESBL producers in livestock®. Risk
factors for infection or colonization with ESBL -
producing organisms include: length of hospital or
ICU stay, presence of vascular or urinary catheters,
undergoing hemodialysis, emergency abdominal
surgery, gut colonization, low birth weight, prior
exposure to any antibiotic (e.g., quinolones,
trimethoprim-sulfamethoxazole, aminoglycoside
and metronidazole), prior ceftazidime or azteronam
administration and prior residence in a long term
care facility®® 222457,

It is interesting that specific ESBLs appear to be
unique to a certain country or region although
recent reports suggest worldwide dissemination®2.
An ESBL variant may appear in a Center due to de
novo selection which may result in a novel type of
enzyme or in one that have been previously
identified in another institution (covergent
evolution)®. Once selected, the ESBL variant may
spread in the Center by different means that
include clonal dissemination of producer strain or
horizontal transmission of the ESBL- gene carrying
plasmid among non-related strainst>##l,

Several outbreaks have been reported and they
mostly occurred in tertiary hospitals where patients
transfer rate is high®»?1. Transfer of a colonized
ICU patient in the hospital has enormous
opportunity for dissemination. These outbreaks
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may be large, often start in ICUs and then they
spread to other parts of the hospital®, Very often
the exact source of outbreak is never identified.
However, the lower digestive tract of colonized
patients has been recognized as the major source of
ESBL-producing organisms and their cross-
transmission among patients has been attributed to
the hands of medical and nursing personnel®*<*l,
Environmental foci have also been reported but
they are rare. They include: ultrasound gel,
thermometers, blood pressure cuffs and contaminated
bronchoscopes® ., Other studies demonstrated
that cockroaches infesting a neonatal ICU in South
Africa carried the same ESBL strain responsible for
an outbreak™. Many investigators are using
molecular methods such as pulse field gel
electrophoresis (PFGE) to examine the epidemiology
of the outbreaks!®" 1010,

SPECTRUM OF CLINICAL DISEASE

Initially ESBL-producing organisms were only
seen to cause nosocomial infections®®*4, Later on
they were shown to cause a long-term carriage in
the community®*!, Recently there have been
several reports of true community-acquired
infections (e.g., urinary tract infections) with ESBL-
producing E.coli®®, It was found that diabetes
mellitus, prior quinolone use, recurrent urinary
tract infections, prior hospital admission and older
age were independent risk factors®®,

ESBLs-producing organisms cause a wide
spectrum of clinical diseases ranging from
colonization to serious infectionsi®t*4l  The
common types of infections include urinary tract
infections, peritonitis, cholangitis and intra-
abdominal abscess. They are a common cause of
nosocomial penumonia and central venous line-
related bacteremial®%4 |n hospitalized patients
undergoing neurosurgical procedures, ESBL
producers may also cause meningitist®,

LABORATORY DETECTION
The significance of ESBL detection:

The accurate detection of ESBL production in
clinical isolates is crucial®™”, The concern for this
is two fold:

1. The therapeutic implications: Infections with
ESBL producers have an important impact on
clinical outcomest®l, They are associated with
high rates of morbidity and mortality, a prolonged
hospital stay and a higher cost® Generally
patients infected with ESBL producer are at
increased risk of treatment failure with extended
spectrum - beta-lactams®™?, The failure rate is high
and may exceed 90% when cephalosporins were
used for serious infections caused by ESBL-

producing organisms, particularly when the MICs
for used cephalosporins are elevated (e.g., 4 or 8
pg/ml) but are still within susceptible range*#4,
The Clinical Laboratory Standard Institute (CLSI)
indicates that cephalosporin susceptibility is
indicated by MICs £ 8ug/mli®. The reporting of
cephalosporin resistance varies and depends on the
national breakpoints®. ESBL detection originated
because some ESBL-producing organisms appeared
susceptible to cephalosporins using conventional
breakpointsi*,

Many strains of the ESBL- producing organisms
demonstrate an inoculum effect in that (MICs) of
the extended-spectrum cephalosporins rises as the
inoculum increases. Therefore, MIC determined
with standard inoculum (10 CFU/mI)®! may remain
below the standard breakpoints for resistance*¢*,
The inoculum effect has been demonstrated in
some animal models of endocarditis and intra-
abdominal abscess™. This effect may be clinically
relevant in similar type of infections or in infections
at sites in which drug penetration is poor (e.g.,
meningitis. The inoculum effect will increase MICs
to levels unattainable even with aggressive dosing
leading to treatment failure® 3, The co-existence of
resistance to other antimicrobial classes has lead to
the availability of few treatment options®™,
Therefore, accurate in vitro detection of ESBL is
essential to guide therapy selectioni***2,

2. The epidemiological and infection control
aspects: This is an important reason in favor of
ongoing efforts aimed at ESBL detection. Although
several reports show that there is an increasing
prevalence of ESBLs worldwide, the extent of the
problem is under-recognized due to unawareness
and poor laboratory detection and reporting“?.
Monitoring prevalence is important to define the
magnitude of the problem and may help to
implement appropriate infection control measures.
These measures can control endemic situations as
well as arrest outbreaks®*l,

Diagnostic problems of ESBL detection:

Detection of ESBL is not straight forward for
many reasons:

1. There is no simple marker for its presence
unlike methicillin-resistant Staphylococcus aureus
(MRSA) or vancomycin resistant Enterococcus
(VRE). Ceftazidime resistance is no longer a
suitable marker for the presence of ESBLSs since in
many hospitals ceftazidime is being replaced by
cefipime and therefore, no longer tested. Also CTX-
M ESBLs are not in general ceftazidime hydrolysers.

2. Not all ESBL producers are universally
resistant to any one of extended spectrum R-
lactams. They vary in their substrate specificity and
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may not phenotypically express resistance to its
own substrate™,

3. An ESBL producer may harbor multiple
ESBLs or other different enzymes which may alter
the antibiotic resistance phenotype (e.g., AmpC B-
lactamases, metallo-B-lactamases)ts26283s.104116122)

4. The importance of the inoculum effect on
MICs determination®™".

Many clinical microbiology laboratories make
no effort to detect ESBL production by Gram-
negative bacteria. There is an ongoing argument by
many investigators that detection of ESBLs is too
complex and costly since many diagnostic
problems are encountered. They suggest that
changes of cephalosporins breakpoints for
Enterobacteriaceae is a more appropriate approach
than expanding efforts to detect ESBLs and dispute
that the inoculum effect is important®®. However,
such an approach would require a substantial effort
by antimicrobial susceptibility testing committees
and the MICs alone may give erroneous
information as a result of the inoculum effect.

It is still recommended by CLSI that clinical
microbiology laboratories perform specialized tests
for detection of ESBLs®™. Clinical laboratories
which look for ESBLs vary in their success in
identifying these enzymes since criteria for ESBL
detection have changed over time and the need for
improved detection is well recognized™*#!, |t may
be necessary to detect ESBL producers in all or
specific clinical isolates especially those associated
with serious infections without having to identify
them specifically®. There is no widely accepted
screening test but an inexpensive and an easy to use
screening test may be introduced into the routine
susceptibility testing. Positive screening results
must still be verified with a confirmatory test®>**,
A comprehensive study needs to be carried out
initially comparing the abilities of all available
tests, their merits and shortcomings and their
suitability for a given laboratory before adopting
any of them®*#l,

DETECTION METHODS
The detection methods can be divided into:
a) Phenotypic methods
b) Molecular methods

a) Phenotypic methods:

They are based upon the resistance that ESBLS
confer to oxyimino-beta-lactams (e.g. ceftriaxone,
cefotaxime, ceftazidime and aztreonam) and the
ability of a beta-lactamase inhibitor, usually
clavulanate, to block this resistance. Several tests
have been proposed.

Double disk diffusion test: The Jarlier double disk
approximation or double disk synergy (DDS) was
the first detection test described in 1980’s*#, DDS is
a disk diffusion test in which 30 ug antibiotic disks
of ceftazidime, ceftriaxone, cefotaxime and
aztreonam are placed on the plate, 30 mm (center to
center) from the amoxicillin/clavulanate (20ug/10pug)
disk. A clear extension of the edge of the antibiotic’s
inhibition zone toward the disk containing
clavulanate is interpreted as synergy, indicating the
presence of an ESBL. The use of cefpodoxime as the
expanded spectrum cephalosporin of choice has been
suggested as evaluation of DDS has shown
sensitivities and specificities ranging from 79% to
97% and 94% to 100% respectively™#. False-
negative results have been observed with isolates
harboring SHV-2, SHV-3 and TEM-12&2#%  |n
isolates which are suspicious for harboring ESBLs
but are negative using the standard distance of 30
mm between disks, the test may be repeated with
closer (e.g., 20 mm) or more distant (e.g., 40 mm)
diskst®#1 The test remains a reliable, convenient
and inexpensive method of screening for ESBLs.
However, the interpretation of the test is quite
subjective. Sensitivity may be reduced when ESBL
activity is very low leading to wide inhibition zones
around the cephalosporin and aztreonam®,

Cephalosporin/clavulanate combination: 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 semi-confluent growth on
Iso-Sensitest agar®™Y. The zone diameter of each
combination is compared with zone diameter of
cephalosporin alone and a ratio of cephalosporin/
clavulanate zone size to cephalosporin zone size is
calculated. A ratio of 1.5 or greater indicates the
presence of ESBL. Once the sensitivity of the test is
increased to 93% for both antibiotics, it is
considered that the test does not detect ESBL
production by strains producing SHV-6.

Agar supplemented with clavulante: Antibiotic
disks of ceftazidime (30 pg), cefotaxime (30 pg),
ceftriaxone (30 pg) and aztreonam (30 pg) are
placed on Mueller-Hinton agar supplemented with
4 pg/ml clavulanate and on clavulanate free
Mueller-Hinton agar plate. A difference in 3-lactam
zone width of 3 10 mm on the two media is
considered positive for ESBL production®. The
sensitivity is 93-96% and specificity is 100% for the
ceftazidime™. A major disadvantage of test is the
need to freshly prepare clavulanate containing
media.
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Disk replacement method: Three amoxicillin/
clavulanate disks are applied to a Mueller-Hinton
plate inoculated with the test organism. After one
hour at room temperature, these antibiotic disks are
removed and replaced on the same spot by disks
containing ceftazidime, cefotaxime and aztreonam.
Control disks of these three antibiotics are
simultaneously placed at least 30 mm from these
locations. A positive test is indicated by a zone
increase of 3 5 mm for the disks which have
replaced the amoxicillin/clavulanate disks compared
to the control disks™#.

Three dimensional test: The three dimensional test
was described by Thomson and Sanders®®, It gives
phenotypic evidence of ESBL-induced inactivation
of extended-spectrum cephalosporins or aztreonam
without relying on the demonstration of inactivation
of the R-lactamases by a B-lactamase inhibitor®*!,
The test depends on the ability of a culture of the
test organism to distort the zone of inhibition
around an oxyimino-beta lactam disk. This test was
determined to be sensitive but it is more technically
challenging and labor intensive than other
methods.

Etest for ESBL: The Etest ESBL strip is a two-sided
strip in which clavulanate is added to one side of a
dual oxyimino-beta lactam gradient looking for a
reduction in the MIC of cephalosporins in the
presence of clavulanate®™. The availability of
cefotaxime as well as ceftazidime strips improves
the ability to detect ESBLtypes which preferentially
hydrolyze cefotaxime such as CTX-M-types
enzymes. This method is useful for both screening
and phenotypic confirmation of ESBL production.
The reported sensitivity as a phenotypic
confirmatory test for ESBL is 87 to 100% and
specificity is 95 to 100%"**213 The test is limited by
its indeterminate results, difficulties in recognizing
subtle zone deformities and cost.

ESBL detection methods by the automated
antimicrobial susceptibility test systems: The
automated antimicrobial susceptibility test systems
(Vitek, MicroScan and BD phoenix) have also
produced ESBL tests. The Vitek ESBL test utilizes
cefotaxime and ceftazidime alone and in combination.
A predetermined reduction in the growth of the
cefotaxime or ceftazidime wells containing
clavulanate, compared with the level of growth in
the well with cephalosporin alone indicates a
positive test'*l. Sensitivity and specificity of the
method exceed 90%!*%, False-negative results
have been observed in Klebsiella pneumoniae isolates
producing both an ESBL and AmpC-type beta-

lactamase™”. Klebsiella oxytoca strains hyperproducing
the K1 R-lactamase will usually be recorded as
positive on the Vitek ESBLtest™. MicroScan panels
which contain combinations of ceftazidime or
cefotaxime plus R-lactamase inhibitors have
appeared highly reliable™®. The Phoenix ESBL test
uses growth response to cefpodoxime, ceftazidime,
ceftriaxone and cefotaxime with or without
clavulanate to detect the production of ESBLs. The
results are usually available within six hours®,
The Phoenix ESBLmethod detects ESBL production
in greater than 90% of strains genotypically
confirmed to produce ESBLM%%1 The method
correctly detects ESBL production by Klebsiella,
E.coli, Enterobacter, Proteusand Citrobacter spp®*.

In the laboratory of the Riyadh Armed Forces
Hospital, which is a major tertiary care hospital in
Riyadh, Saudi Arabia, ESBL detection in clinical
isolates was initially done by the E-test method.
Later on, MicroScan panels for ESBLdetection were
introduced.

CLSI recommended methods for ESBL detection:
The CLSI has provided guidelines for ESBL
detection for both disk diffusion and standard
broth microdilution methods®*!,

Disk diffusion screening methods: CLSI proposed
disk diffusion methods for screening for ESBL
production by E. coli, Klebsiella spp and Proteus
mirabilis. Ceftriaxone, cefotaxime, ceftazidime,
cefpodoxime and aztreonam are used. If any of the
zone diameters indicate suspicion for ESBL
production, phenotypic confirmatory tests should
be used to verify the diagnosis*. The use of more
than one antimicrobial agent for screening
improves the sensitivity of detection.

Screening by dilution tests: CLSI has proposed
dilution methods for screening for ESBLproduction
by E.coli and Klebsiella spp**. CLSI recommends the
use of ESBL breakpoints for indicator drugs
(ceftriaxone, cefotaxime, ceftazidime, cefpodoxime
or aztreonam) to screen for ESBL. When the initial
screen is positive, CLSI recommends a phenotypic
confirmatory test.

Phenotypic confirmatory tests for ESBL production:
Cephalosporin/clavulanate combination disks are
used. The CLSI recommend use of cefotaxime (30
pg) or ceftazidime (30 pg) disks with or without
clavulanate for phenotypic confirmation for the
presence of ESBLs in Klebsiella and E.coli. The CLSI
recommends that the disk test performed with
confluent growth on Mueller-Hinton agar. A
difference of 3 5 mm between the zone diameters
of either of the cephalosporin disks and their
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respective cephalosporin/clavulanate disk is
considered to be phenotypic confirmation of ESBL
production®®, The use of both antibiotic disks is
advisable since the use of ceftazidime alone has
resulted in the inability to detect CTX-M-producing
organismst,

Phenotypic confirmatory testing can also be
performed by broth microdilution assays using
ceftazidime (0.25 t0128 pg/ml), ceftazidime plus
clavulanic acid (0.25/4,128/4), cefotaxime (0.25 ug
to 64 pg/ml) and cefotaxime plus clavulanic acid
(0.25/4 to 64/4). The use of both antibiotics is
recommended. The test is done using standard
methods. Phenotypic confirmation is considered as
3 3-twofold-serial-dilution decrease in MIC of
either cephalosporin in the presence of clavulanic
acid to its MIC when used alone.

Quality control recommendations of CLSI
should be followed in both screening and
confirmatory tests™, For all phenotypically
confirmed ESBL producing strains according to
CLSI criteria, the test should be reported as
resistant for all penicillins, cephalosporins (except
the cephamycins, cefoxitin and the cefotetan) and
aztreonam regardless of the routine susceptibility
test results. R-lactam / [-lactamase inhibitor
combinations (for example: piperacillin/tazobactam
and ticarcillin/clavulanate) are reported as
susceptible, if MICs or zone diameters are within
the appropriate range.

The phenotypic confirmatory tests are highly
sensitive and specific compared to genotypic
confirmatory tests. However, false positive
confirmatory tests have been reported in Klebsiella
pneumoniae or E.coli isolates which lack ESBLs but
hyperproduce SHV-1, The coexistence of both
ESBLs and plasmid-mediated AmpC-type B-
lactamases in Klebsiella pneumoniae may result in
false negative tests. AmpC-type B-lactamases resist
inhibition by clavulanate and hence obscure the
synergistic effect of clavulanate and cephalosporin
against ESBL™. There are a number of instances
whereby the screening tests are positive but the
confirmatory tests are negative or indeterminate®,
The use of cefipime alone and cefipime plus
clavulanate or the utilization of CLSI ESBL disk
diffusion confirmatory tests may sometimes
determine whether clavulanate effect truly occurs
in such cases®. Also cefoxitin susceptibility may
be used as a means of deducing mechanism of
resistance. Cefoxitin resistant isolates may produce
AmpC-type enzymes or possess porin changes,
although it must be recognized that these can
coexist with ESBL productiont®,

An evaluation of the use of CLSI methods for
Enterobacteriaceae other than E.coli and Kilebsiella
spp. has shown that they might apply quite well to

Salmonella spp. but not to the other Enterobacteriaceae
or non-fermentative bacteria such as Pseudomonas
aeruginosa and Acinetobacter baumannii®,

There have been numerous reports of both
Enterobacter spp. harboring ESBLs in addition to
chromosomal AmpC-type R-lactamases*****#l, The
inhibitor-based ESBL detection methods are less
reliable in detecting ESBL in Enterobacter spp. In
organisms that produce both ESBL and AmpC,
clavulanate may induce hyperproduction of the
AmpC R-lactamase leading to hydrolysis of the
third generation cephalosporin thus masking any
synergy arising from inhibition of the ESBL.
Modification of the conventional DDS in which a 30
pg cefipime (or cefpirome) disks are placed at
distance of 30 or 20 mm (center to center) from a
disk containing 20 pg amoxicillin plus 10 pg
clavulanate has been used to detect ESBLs in
Enterobacter spp.t. Enhancement of the zone of
inhibition in the area between amoxicillin/
clavulanate disk and the cefepime may still be
observed since cefipime is less subject to hydrolysis
by AmpC R-lactamases than third generation
cephalosporins. The sensitivity and specificity are
higher with disks spacing 20 mm apart (90% and
97% respectively) rather than 30 mm (61% and
929p)1441,

b) Molecular Methods:

There are a number of methods which can be
used to characterize ESBLs. The most fundamental
of these is iso-electric focusing as used by D’Agata
et al which can give a presumptive identification
since many of them possess identical isoelectric
pointst. Early detection of R-lactamase genes was
performed using DNAprobes that were specific for
TEM and SHV enzymes™®., The first ESBLs studied
with probes belong to the TEM family®®*1, The
using of DNA probes can sometimes be labor
intensive.

PCR with oligonucleotide primers that are
specific for a R-lactamase gene is the easiest and
most common molecular methods used to detect
the prescence of a 3-lactamase belonging to a family
of enzymes®. However, PCR will not discriminate
among different variants of TEM or SHV®,

Several molecular methods that will aid in the
detection and differentiation of ESBLs without
sequencing have been suggested. The oligotyping
method was used to discriminate between TEM-1
and TEM-2t“8, This method used oligonucleotide
probes that are designed to detect point mutations
under stringent hybridization conditions. Several
new TEM variants were identified using this
method™7. These probes are less sensitive for the
detection of mutations which are responsible for
the extended substrate range™®. In some cases these
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mutations lead to the appearance or disappearance
of restriction sites. Amplification of the relevant
part of the gene by PCR followed by restriction
enzyme analysis can thus indicate the presence or
absence of specific TEM or SHV derived ESBLs!".,

PCR-single-strand conformation polymorphism
(PCR-SSCP) has also been applied to the study of
ESBLs with satisfactory results®™®. This method has
been used to detect a single base mutation at
specific location within the beta-lactamase gene.
The combination of PCR-SSCPwith PCR-restriction
fragment length polymorphism (PCR-RFLP) allows
the identification of newer SHV variants. The ligase
chain reaction (LCR) is used for the identification of
SHV genes. LCR allows the discrimination of DNA
sequences that differ by a single base pairt*.

A novel sequence-specific peptide nucleic acid
(PNA)-based multiplex PCR detection method
provides an accurate means of identification of bla
(GES-2) compared to the standard PCR and the
gene sequencing techniques™.

In Turkey, the distribution of PER-1 ESBL was
investigated by southern blot analysis with a PER-
1 gene-specific probe®. Nucleotide sequencing
remains the standard for determination of the
specific B-lactamase gene present in a straini+3,
However, this too can give variable results
depending on the method used.

TREATMENT OPTIONS

In the absence of data from randomized
controlled trials to guide optimal therapy, the
choice of treatment option is based on data from in
vitro and observational studies™**., These studies
suggest that carbapenems should be regarded as
drugs of choice for serious life-threatening
infections due to ESBL-producing organisms since
they have been associated with the best outcome in
terms of survival and bacteriologic clearance™***,
The choice between imipenem and meropenem is
difficult. Published experience is greatest with
imipenem, but MICs are slightly lower for
meropenem. In nosocomial meningitis, meropenem
should be regarded as the drug of choice.
Intrathecal polymyxin B should also be considered
along with removal of neurosurgical hardware in
cases of CSF shunt infections™. There is no
evidence that combination therapy with a
carbapenem and antibiotics of other classes is
superior to the use of carbapenem alone™. Synergy
has been exhibited in some but not in all studies.
Unfortunately carbapenem resistance has been
observed in organisms commonly harbouring
ESBLs. Therefore, the appropriate use of these
valuable agents should be strictly followed™**4. For
non-life threatening infections with ESBL-
producers, therapy should be streamlined based on

the initial treatment response and the sensitivity
resultst*,

The third generation cephalosporins should not
be used to treat serious infections with ESBL-
producing organisms because clinical outcome is
poor even in the presence of apparent
susceptibility™>*?l, The clinical experience with use
of cefipime and cephamycins is limited. Cefepime
should not be used as the first line therapy against
ESBL-producing organismst2:51 |f jt is to be used
(for example against organisms with cefepime MIC
< 2 pg/ml), it should be given in high dosage, at
least 2 g twice a day™®*#., In vitro synergy may be
achievable between cefepime and amikacin®,
Cefipime resistance may be more frequent in
strains which produce the CTX-M-type ESBLs 27,

Cephamycins are not recommended as first line
therapy for ESBL-producing organisms despite
their good in vitro activity®!. In one of the reports,
selection of porin resistant mutants occurred
during therapy, resulting in cefoxitin resistance and
relapse of infection®. In addition, combined
cephamycins and carbapenem resistance in
Klebsiella pneumoniae has been observed in the
setting of widespread cephamycin use in response
to an outbreak of infection with ESBL-producing
organismst,

However, R-lactam / 3-lactamase inhibitors (for
example piperacillin-tazobactam) are not regarded
as suitable first line therapy for serious infections
caused by ESBL producer®?l. Data regarding their
use in the treatment of serious infections is sparse
and treatment failures have been reported™. The
activity of R-lactam / R-lactmase inhibitors is
inoculum-dependent™?. Some animal studies have
shown that R-lactam / R-lactamase inhibitor to be
less active than carbapenem against ESBL-producing
organisms®™®. They are usually active against
organisms producing a single ESBL. Their
effectiveness may be reduced in organisms
producing multiple ESBLs?*!. The hyper-production
of the parent enzymes (for example, TEM-1 or SHV-
1) in ESBL- producing organisms or the combination
of B-lactamase production and porin loss can also
lead to a reduction in activity of R-lactamase
inhibitor™, In vitro resistance to R-lactam / B-
lactamase inhibitors is increasing®. Amoxicillin/
clavulanate may be regarded as second line therapy
for urinary tract infection®?. It is noteworthy that
the use of beta-lactamase inhibitors has been shown
to be a protective factor for infection or colonization
with ESBL-producing K. pneumoniag®®.

Treatment with non-B-lactam containing
regimens was described in a small number of
patients™*1  Quinolones may be considered as
therapy of choice for urinary tract infection and
second line therapy for bacteremia, hospital
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acquired pneumonia and intra-abdominal infections
caused by ESBL-producing organisms provided the
organism is susceptible®®!, The observed increase
in quinolones resistance will limit their role in
treatment options®™4. In general, the newer
quinolones are unlikely to provide great additional
benefits over ciprofloxacin. An observational clinical
study found that carbapenems were superior to
quinolones, whereas another study found that they
were equivalent in effectiveness*®*®l, It is possible
that suboptimal dosing of quinolones in the
presence of strains with elevated quinolone MICs,
but still in the susceptible range, may account for
those differences®. In vitro studies have suggested
that synergy may occur when ciprofloxacin is
added to R-lactam antibiotic against ESBL-
producers (e.g., cefipime, cefotaxime or imipenem)is4,
The use of aminoglycosides for serious infection
should be probably limited to combination with 3-
lactam antibiotics®*®!. More outcome studies are
still needed to optimize therapy selection.

PREVENTION AND CONTROL

Many of the reported outbreaks were managed
using two types of interventions: implementation
of infection control measures and restriction of use
of oxyimino-cephalosporins®®%4, However, it has
been reported that a long lasting outbreak was
successfully controlled by isolation measures.
This emphasize the importance of infection control
measures and the necessity to ensure compliance
with them®. ESBL - producing organisms may be
endemic in many hospitals and measures to control
their spread should be considered®.

Laboratory detection and reporting: Clinical
microbiology laboratory plays a vital role in the
control of ESBL-producing organisms. The
implementation of appropriate ESBL detection
methods is recommended by CLSI and several
other studies®™ ™, It is recommended by some
investigators that laboratories should also report
the presence of ESBL to the infection control
practitioners and some suggest to the clinicians
also™#1, This approach is implemented in our
institution in an attempt to increase awareness,
guide therapy and to institute appropriate
infection control precautions.

Surveillance systems: The surveillance systems
help to establish a baseline prevalence data and
monitor changing of rates. These data will be used
to identify selective pressures and determinants
which are crucial for follow up in the intervention
programsi?,

Admission screening policies: These policies will
help to identify colonized or infected patients with
ESBL producing organisms especially those
admitted to ICUs or other high risk areas®*».,
Antibiotic policies: The use of third generation
cephalosporins especially at widespread empiric
level should be restricted either by formal
restriction of availability or by education and
increased availability of alternatives**4. The
judicious use of other antimicrobials is essential for
the control of ESBL-producing organisms.

Infection control measures: Implementation of
appropriate infection control measures and
monitoring the adherence to them are crucial to
control spread of antibiotic resistant organisms. The
importance of hand hygiene should be reinforced
and the recommended isolation precautions for
patients colonized or infected with ESBL producer
should be followed®#**2I,

Education programs: Continuous education
programs are necessary to address the problem of
ESBLs and their control measures.

Research projects: Research studies which include
different aspects of ESBLs will help in their
treatment and control.

CONCLUSION

ESBLs have become a widespread serious
problem and several aspects of them are worrying.
These enzymes are becoming increasingly
expressed by many strains of pathogenic bacteria
with a potential for dissemination. They compromise
the activity of wide-spectrum antibiotics creating
major therapeutic difficulties with a significant
impact on the outcome of patients. The continued
emergence of ESBLs presents diagnostic challenges
to the clinical microbiology laboratories, who need
to be more aware of the need for their detection.
ESBLs occurrence and spread need to be controlled.
Appropriate antimicrobial selection, surveillance
systems and effective infection control procedures
are the key partners in their control.
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