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Chapter 1: Beta-lactamases and ESBLs (Extended Spectrum Betalactamases)
Introduction
Betalactamases are a group of enzymes capable of hydrolysing the 4-membered
betalactam ring of betalactam antibiotics (penicillins, cephalosporins, monobactams
and carbapenems). They are the most common and most important mechanism of
resistance to betalactam antibiotics. Up to the year 2001 some 340 discrete
betalactamases have been identified.1 It is important to know the types of
betalactamases produced by various clinical pathogens as this has an impact on the
selection of antimicrobial agents.
Classification of betalactamases
There have been a number of schemes for the classification of betalactamases. The
most often used scheme is that which was developed by Bush, Jacoby and
Medeiros.2 This scheme, which is probably the most recent and complete, attempts
to combine the elements of previous schemes and to correlate this with molecular
structure. Under this scheme, betalactamases are divided into 4 groups. An earlier
scheme proposed by Ambler3 is also frequently used. These two schemes are
shown in Table I.
Table I: Classification of betalactamases
Ambler
Class
C

Bush
Group
1

A

2a
2b

B

2be
2br
2c
2d
2e
2f
3

D

4

Characteristics of betalactamases
Often chromosomal enzymes in gram-negatives but some are
plasmid-coded. Not inhibited by clavulanic acid.
Staphylococcal and enterococcal penicillinases
Broad spectrum betalactamases including TEM-1 and SHV-1, mainly
occurring in gram-negatives
Extended spectrum betalactamases (ESBL)
Inhibitor-resistant TEM (IRT) betalactamases
Carbenicillin-hydrolysing enzymes
Cloxacillin (oxacillin) hydrolysing enzymes
Cephalosporinases inhibited by clavulanic acid
Carbapenem-hydrolysing enzyme inhibited by clavulanic acid
Metallo-enzymes that hydrolyse carbapenems and other betalactams
except monobactams. Not inhibited by clavulanic acid
Miscellaneous enzymes that do not fit into other groups

Number of
enzymes
51
23
16
119
24
19
31
20
4
24
9

Group I (Ambler Class C) betalactamases (also known as AmpC enzymes) are
intrinsically resistant to betalactamase inhibitors and are mostly coded for by
chromosomal genes.4, 5 When chromosomally coded the enzymes are inducible; i.e.
the level of production increases many fold when the bacteria is exposed to certain
betalactam antibiotics. Betalactam antibiotics differ in their potential to induce
betalactamase production. Group I enzymes are mainly found in Enterobacter spp.,
Serratia spp., Citrobacter spp. and Pseudomonas aeruginosa. Some of these
chromosomal enzymes have also moved onto plasmids in clinical strains of
Escherichia coli (E.coli) and Klebsiella spp.6 Bacteria producing Group I
betalactamases are resistant to betalactam/betalactamase inhibitor combinations,
penicillins, cephamycins and 1st, 2nd and 3rd generation cephalosporins. They remain
susceptible to cefepime and the carbapenems.7
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Group 2 (Ambler Class A) enzymes8 are plasmid mediated. The genes encoding
for the enzyme reside on plasmids and since plasmids are readily transferable from
one bacterial cell to another, resistance due to this enzyme can be easily spread. The
original Group 2 enzymes are inhibited by the betalactamase inhibitors like clavulanic
acid, sulbactam and tazobactam. Group 2 enzymes include the commonly
encountered TEM enzymes and SHV enzymes. TEM-1 was discovered in 1965 in
Enterobacteriaceae but has since spread to Haemophilus spp., Neisseria spp. and
Vibrio spp.. SHV-1 was discovered in 1979 and commonly occurs in Klebsiella spp..
Ampicillin and 1st generation cephalosporins are hydrolysed by early Group 2
enzymes but 2nd and 3rd generation cephalosporins were stable. The early Group 2
enzymes have unfortunately mutated to forms of enzymes that are capable of
destroying monobactams and third generation cephalosporins (the extended
spectrum betalactamases or ESBLs)8 and enzymes that are resistant to
betalactamase inhibitors (the inhibitor-resistant TEM betalactamases or IRTs).9
Group 3 (Ambler Class B) enzymes are metallo-enzymes that are capable of
destroying carbapenems.10 These enzymes are found in certain bacteria including
Stenotrophomonas maltophilia, Bacteroides fragilis and Pseudomonas aeruginosa.
Group 4 betalactamases are infrequently encountered.
ESBLs (Extended Spectrum Betalactamases)
These enzymes emerged soon after the introduction of extended spectrum
cephalosporins and were first reported in Europe in the early 80s.11,12,13 They are
now found all over the world. The ESBLs are, as mentioned previously, mutant forms
of TEM-1, TEM-2 and SHV-1 enzymes. The ESBLs often differ from the original
enzymes by only one to a few changes in their amino acid sequences.
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Chapter 2: EPIDEMIOLOGY OF ESBL-PRODUCING ORGANISMS IN MALAYSIA
Not until the mid-1990's, formal surveillance studies on the prevalence of ESBLproducing gram-negative bacteria (GNB) had been done in Malaysia. Epidemiology
data had hitherto been based on reports from single centres involving selected patient
groups 1,2 or indirectly obtained from evaluation studies of certain antibiotics.3
In 1994, Cheong et al reported on resistance patterns of 36343 bacteria isolated from
six general hospitals between 1991 to 1992. Ceftazidime resistance in E.coli,
Klebsiella spp. and Pseudomonas aeruginosa were 5.5%, 16.6% and 6.8%
respectively. Testing for ESBL production was not performed.4
Important epidemiological data is also available from yearly audits done in the Institute
of Medical Research. In a 1995 study, multiply drug resistant E.coli and K.
pneumoniae were tested for ESBL production using the E-test. ESBL productions in
these two bacterial species were 19% and 27% respectively.5
ESBLs are quite commonly encountered in the Asia-Pacific region (Table 2). Malaysia
and Singapore seem to have a particular problem with ESBL producing Klebsiella
spp..
Table 2: Prevalence of ESBL-organisms in some Asian countries.
Country
Japan 6
Taiwan7
Philippines 8
Malaysia/Singapore 9
Indonesia 10

Klebsiella spp.
5.0%
21.7%
31.3%
38.0%
33.3%

E. coli
8.1%
16.7%
13.3%
5.6%
23.0%

In conclusion, accurate figures for the prevalence of ESBL-producing GNB in
Malaysia are not available. Estimated prevalence of ESBL E.coli is between 7-19%
whilst in Klebsiella spp. is 27 - 38%.
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Chapter 3: LABORATORY METHODS FOR THE DETECTION OF ESBLPRODUCING ENTEROBACTERIACEAE
Methods for the laboratory detection of ESBLs are based on recommendations from
the National Committee for Clinical Laboratory Standards (NCCLS) and the Canadian
External Quality Assessment Advisory Group for Antibiotic Resistance. However,
there have been minor variations from these guidelines to suit the operations of
laboratories in our setting.
What organisms to test?
Klebsiella pneumoniae and E. coli are most frequently associated with ESBL
production.1
ESBL producing isolates of Enterobacter aerogenes and E. cloacae, Serratia
marcescens, Morganella morganii and Citrobacter freundii have been detected but
appears to be relatively rare and ESBL detection methods established for Klebsiella
pneumoniae and E. coli have not been shown to be valid for other ESBL producing
bacteria.
When to test?
All clinically significant isolates of E. coli or K. pneumoniae should be tested against
beta lactam drugs either using a disc diffusion method or the minimum inhibition
concentration (MIC) method (as advocated by the revised NCCLS interpretive
criteria). Any decrease in the zone sizes or MIC less than 2mg/L for the 3rd
generation cephalosporins should be used as a criterion to test for ESBLs.2
ESBL SCREENING METHODS
1). Standard disc diffusion method – in-vitro sensitivity testing using established
NCCLS procedure is carried out with ceftazidime (30µg), cefotaxime (30µg),
ceftriaxone (30µg), aztreonam (30µg) and cefpodoxime (10µg). Zone diameters are
read using the revised NCCLS document2 as shown in Table 3. Any zone diameter
within the “grey zone” must be considered as a probable ESBL producing strain
requiring phenotypic confirmatory testing.
Table 3: MIC and Inhibition Zone Criteria for the Detection of ESBLs in K. pneumoniae
and E. Coli
Zone diameter
for susceptible
strains

Aztreonam
Cefotaxime
µg
Cefpodoxime
Ceftazidime
µg
Ceftriaxone

30 µ g ≥ 22
30 ≥ 23
≥ 21
10 µ g ≥ 18
30 ≥ 21

mm
mm
mm
mm
mm

Zone diameter for
possible ESBLproducing strains

MIC for
susceptible
strains

MIC for possible
ESBL-producing
strains

≤ 27
≤ 27
≤ 22
≤ 22
≤ 25

≤8
≤8
≤8
≤8
≤8

≥2
≥2
≥2
≥2
≥2

mm
mm
mm
mm
mm

mg/L
mg/L
mg/L
mg/L
mg/L

mg/L
mg/L
mg/L
mg/L
mg/L

30 µ g

* adapted from NCCLS document M100-S88
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2). Double disc synergy / Disk approximation method – this method uses multiple
target disc with clavulanic acid disc; or a single cefpodoxime disc with clavulanic acid
discs. Mueller–Hinton agar plate is inoculated with a suspension (adjusted to 0.5
McFarland turbidity standard that has been vortexed) made from an overnight agar
plate of the test strain. Disc containing the standard ceftazidime (30ug), ceftriaxone
(30µg), aztreonam (30µg) or cefpodoxime (10µg) are placed 15mm to 20mm (edge to
edge) from an amoxicillin-clavulanic acid disc. Plates are then incubated overnight at
35oC. Enhancement of zone of inhibition is indicative of presence of an ESBL (Figure
1).

Zone enhancement
Figure. 1
It is vital to place disc at the precise distance as recommended; proper storage of
antibiotic disc, bringing discs to room temperature together with regular performance
of quality control (QC) on the antibiotic disc are critical to the sensitivity of the disc
approximation test.3

PHENOTYPIC CONFIRMATORY METHODS
Disc diffusion method
Ceftazidime (30µg) versus ceftazidime/clavulanic (30/10µg) and cefotaxime (30µg)
versus (cefotaxime/clavulanic acid (30/10µg) are placed onto a Muller-Hinton agar
plate lawned with the test organism and incubated as described above. Regardless of
the zone diameters, a > 5mm increase in a zone diameter for an antimicrobial agent
tested in combination with clavulanic acid versus its zone size when tested alone,
indicates probable ESBL production (Figure 2).
Note: The above discs (BBL Sensi-Disc) are available locally.

5

Confirmed ESBL-producing Klebsiella pneumoniae (A ≥5mm increase in zone
diameter for either antimicrobial agent tested in combination with clavulanic acid
versus its zone when tested alone)
Figure. 2

MIC method – ESBL E-test strips (AB Biodisk, Sweden)
Two E-test combination strips e.g. ceftazidime/ceftazidime-clavulanic acid and
cefotaxime/cefotaxime-clavulanate
are employed to perform the phenotypic
confirmatory testing. These strips are inoculated on the surface of the agar plate and
incubated overnight. Any reduction of > 3 log 2 (doubling) dilution is considered as
positive (Figure 3). Note: Not all ESBL producing strains are specific for ceftazidime,
strains with other substrate specificities may not be detected with the
ceftazidime/clavulanic acid strip alone hence cefotaxime is also used.
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MIC ratio of Ceftazidime vs. Ceftazidime/clavulanate acid >8 indicates ESBLs
Figure. 3
SCREENING FOR ESBL-PRODUCING ORGANISMES FROM CARRIAGE SITES
In event of an outbreak, patients may be screened for ESBL producing organisms.
Selective media screening for ESBL producing Enterobacteriaceae is by using
MacConkey containing ceftazidime 4 mg/L. Any lactose-fermenting colonies growing
on the above selective media will be confirmed as ESBL producing by using double
disc technique (Figure 1).

QUALITY CONTROL STRAIN RECOMMENDED
Klebsiella pneumoniae ATCC 700603, is used as a control for ESBL tests.
Klebsiella pneumoniae ATCC 700603 diameter range are as follows:
Cefpodoxime
Ceftazidime
Cefotaxime
Ceftriaxone
Aztreonam

(10µg)
(30µg)
(30µg)
(30µg)
(30µg)

6-9mm
10-18mm
17-25mm
16-24mm
9-17mm

Note: Other quality control strains as recommended by NCCLS must be used to
carry out the routine quality control on antibiotic discs.
REPORTING
Patients’ report must state that the isolate is a suspected or proven ESBL producer.
ESBL production may predict therapeutic failure with beta-lactam antibiotics.
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Chapter 4: INFECTIONS ASSOCIATED WITH ESBL-PRODUCING BACTERIA
Infections caused by ESBL-producing bacteria can be subdivided according to the
various organs/systems as follows:
1.Urinary tract infection
2. Bactaeremia
-primary or secondary
3. Respiratory tract infection
-nosocomial pneumonia
-ventilator associated pneumonia
4. Gastrointestinal tract infection
-intra-abdominal abscess
-peritonitis
-cholangitis
5. Skin and soft tissue infection
6. Catheter or device related infection
7. Sinusitis
8. Neurosurgical meningitis
-related to ventricular drainage catheters
All references pertaining to the above infections are at level III.
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Studies on patients infected or colonised by ESBL producing bacteria have been
shown to share several common factors (Table 4). The presence of these risk factors
should alert the attending physician to the possibility of an ESBL-related infection and
the appropriate measures need to be taken.
Table 4: Risk factors for infection or colonisation with ESBL producing organisms
1.

Device related 2,4,5
• Arterial catheters
• Central venous catheters
• Urinary tract catheters
• Gastrostomy or jejunostomy tube
• Umbilical catheters

2.

Surgical related 6
• Abdominal surgery
• Emergency laparotomy

3.

Antibiotic exposure 2,5
• 3rd generation cephalosporins (especially ceftazidime)
• Fluoroquinolones
• Trimetroprim-sulfamethoxazole

4. Previous nursing home residence 4
5.

Prolonged duration of hospital or ICU stay 4
Longer stay is associated with more severe underlying disease, with invasive
procedures and with antibiotic administration

6.

Severity of illness (APACHE III Score) 4
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Chapter 5 (I): OVERVIEW OF TREATMENT OF INFECTIONS DUE TO
ESBL-PRODUCING ORGANISMS

Infections due to ESBL-producing organisms present a major therapeutic dilemma as
the choice of antibiotics is extremely limited. Due to the broad-spectrum of the betalactamases produced by these organisms, ESBL producing Enterobacteriaceae are
typically resistant to beta-lactam antibiotics including broad-spectrum cephalosporins,
aztreonam, and extended-spectrum penicillins. Furthermore antibiotics such as
trimethoprim-sulfamethoxazole and aminoglycosides especially gentamicin are often
co-transferred on a resistance plasmid, resulting in multiple drug resistance.
Infections with ESBL-producing organisms are usually hospital acquired and may
include urinary tract infections, peritonitis, cholangitis, intra-abdominal abscesses,
ventilator-associated pneumonia and central-line associated bacteraemia. Although
these organisms may cause a multitude of nosocomial infections, it is also important
to distinguish between colonisation and significant infection prior to commencing
antibiotic therapy as ESBL-producing organisms have a propensity to colonise the
upper respiratory tract and skin of seriously ill patients.
Despite increased recognition of serious infections due to ESBL-producing
organisms, there have been no randomised controlled trials on therapy of such
infections nor are such studies likely to be performed in the near future. Therefore
recommendations for optimal therapy are based on in vitro effectiveness of
antimicrobial agents, case series and prospective observational studies.
[a] Cephalosporins
One of the major problems with cephalosporins and ESBL producers is detecting in
vitro resistance. These organisms may appear susceptible at standard inoculum of
105 but at higher inoculums of 107 or 108 they have elevated MICs, indicating
resistance. This inoculum effect is seen with 3rd generation cephalosporins such as
ceftazidime, cefotaxime and ceftriaxone.
Clinical outcome is poor when 3rd generation cephalosporins are used to treat ESBLproducing organisms even in the presence of apparent susceptibility. 3rd generation
cephalosporins should therefore not be used to treat serious infections with ESBLproducing organisms. Eventhough cefepime exhibits more stability to hydrolysis by
ESBLs than the 3rd generation cephalosporins, a positive clinical outcome from
treatment with this antibiotic has not been established. If cefepime is considered for
treatment, MIC for these organisms should be determined. Like the 3rd generation
cephalosporins, MICs for cefepime rise substantially when the inoculum of infecting
organisms rises.
[b] β -lactam/β
β -lactamase inhibitor combinations
These antibiotics are also subject to rising MICs as the inoculum rises. In addition
hyperproduction of β-lactamases or the combination of β-lactamases and porin loss
can also lead to reduction in activity of β-lactam/β-lactamase inhibitor combinations.
In limited reports the mortality rates from infections due to ESBL producing organisms
treated with β-lactam/β-lactamase inhibitor combinations have been in excess of
50%.
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[c] Aminoglycosides
Many of the ESBL producers are already gentamicin resistant due to co-transfer of
aminoglycoside resistance on a resistance plasmid. Amikacin resistance may also be
more common in ESBL-producing isolates.
[c] Fluoroquinolones
The fluoroquinolones may be used in the treatment of less severe infections due to
ESBL-producing organisms e.g. urinary tract infections. Several reports have
indicated a rise in in vitro resistance to fluoroquinolones in isolates, which are ESBL
producers. The newer fluoroquinolones are unlikely to confer added benefits.
[d] Carbapenems
This class of drugs should be regarded as the drugs of choice based on in vitro
susceptibility studies and clinical experience. The carbapenems are highly stable to
betalactamase hydrolysis. Clinical observational studies have shown that the mortality
rates in patients with ESBL-producing bacteraemia treated with the carbapenems are
lower than if treated with other antibiotic combinations. There is no evidence that a
combination therapy with an aminoglycoside is superior to monotherapy. Widespread
use of carbapenem may however lead to emergence of carbapenem-resistant
Acinetobacter baumanii and Pseudomonas aeruginosa, Stenotrophomonas
maltophilia and Vancomycin resistant enterococci.
Indications for treatment
1. Bacteraemia
• Treatment of choice
• Second-line treatment

: Carbapenem
: Fluoroquinolones

2. Nosocomial pneumonia
The diagnosis of nosocomial pneumonia can be problematic. The isolation of an
ESBL-producing organism from a sputum sample or an endotracheal aspirate does
not necessarily indicate that it is the cause of the pneumonia. In the absence of
clinical signs such as fever, signs of consolidation or radiological changes, a positive
culture may indicate colonisation and not require any antibiotic therapy.
In nosocomial pneumonia due to an ESBL-producing organism
• Treatment of choice
: Carbapenem
• Second-line treatment
: Fluoroquinolone
3. Intra-abdominal infection
• Treatment of choice
• Second-line treatment

: Carbapenem
: Fluoroquinolone

4. Urinary tract infection
Isolation of an ESBL-producing organism from catheter specimen urine in the
absence of clinical symptoms or signs may also indicate colonisation and not warrant
therapy. In the presence of symptoms
• Treatment of choice
: Fluoroquinolone
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Chapter 5 (II): MANAGEMENT OF INFECTIONS BY ESBL-PRODUCING
ORGANISMS IN THE INTENSIVE CARE UNIT (ICU)
Multiresistant infections in ICU patients are a major cause of morbidity, increased
length of ICU admission and mortality. Several studies and surveillance programs
indicate increasing rates of nosocomial infection, with the highest rates in ICU, from
Methicillin resistant Staphylococcus aureus (MRSA), multiresistant Pseudomonas
aeruginosa, Acinetobacter spp. and ESBL-producing Enterobacteriaceae (Klebsiella
pneumoniae and E. coli ).
Rates of ICU infection with ESBL-producing Klebsiella pneumoniae have ranged
from 11-59%. In a multi-centre, prospective, observational study, Paterson et al.
reported that 15% of 216 consecutive cases of Klebsiella pneumoniae bacteraemia
were due to ESBL-producing organisms. 84% of ESBL-Klebsiella pneumoniae were
hospital-acquired, of which 44% were acquired in the ICU. Sources of ESBLKlebsiella pneumoniae included intravascular catheter infection (34%), pneumonia
(28%) and intra-abdominal infection (19%). In the same study it was also noted that
infections due to ESBL-Klebsiella pneumoniae were associated with higher mortality
(46%) compared to those due to non-ESBL-Klebsiella pneumoniae (34%). Empiric
therapy with antibiotics to which the ESBL-Klebsiella pneumonia was resistant
resulted in the highest mortality (75%), compared to the 28% death rate with
antibiotics to which ESBL-Klebsiella pneumoniae was sensitive. The lowest mortality
rate was seen when imipenem was used as empirical therapy (23% vs. 42% when
other active antibiotics were used).
Based on current evidence we recommend that a critically ill patient with a high
possibility of ESBL-Klebsiella pneumoniae infection should be treated empirically,
following appropriate diagnostic cultures, with a carbapenem. Imipenem and
meropenem are equally efficacious in their activity against ESBL-Klebsiella
pneumoniae. The addition of an aminoglycoside can also be considered if clinically
indicated. If a non-ESBL gram-negative infection is suspected, empiric therapy
should consist of either an anti-pseudomonal cephalosporin in combination with an
aminoglycoside or piperacillin-tazobactam. Metronidazole can be added to this
regimen if there is risk of anaerobic infection. Other causes of infection, such as
from MRSA or fungi should be diagnosed and treated accordingly.
If culture results confirm ESBL-bacterial infection, treatment should proceed with a
carbapenem with aminoglycoside. If the infection is due to non-ESBL gram-negative
bacteria, antibiotics should be adjusted according to the known sensitivities.
Negative culture results in the presence of unresolved criteria of sepsis should
prompt further diagnostic interventions and repeat cultures. It is also important to
review the patient’s clinical status regularly, achieve therapeutic drug levels by
appropriate assays, modify drug doses in the presence of hepatic and renal
impairment, stop antimicrobial therapy at the appropriate time, and institute further
diagnostic interventions including repeat cultures for unresolved criteria of sepsis.
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Critically ill patient with evidence of sepsis *criteria
Identify source(s) of infection; Take appropriate cultures

* Criteria
Fever
Leukocytosis
Tachycardia
Tachypnoea
Hypotension
Organ

impairment
Risk Factors for ESBL
colonisation present
(refer table 4)

No risk factors for
ESBL colonisation

1. Anti-pseudomonal cephalosporin
+ Aminoglycoside
or
Piperacillin / tazobactam
2. Add Metronidazole if risk of
anaerobic infection

If no
improvement
after 3 days,
Consider
switch to

Carbapenem
+
Aminoglycoside

Risk factors
for grampositive
infection
present?
Suspect
MRSA?
Add
Vancomycin
___________
Risk factors
for fungal
infection
present?

Culture results

Add
Anti-fungal
Positive

Non-ESBL producing
organism(s)

Antibiotic according
Chapter 5 (III) :
to sensitivity

ESBL
producing
organism(s)

Carbapenem
+
Aminoglycoside

Negative

Consider:
1. Diagnostic studies
2. Repeat cultures

Important practice issues
Regular clinical review
Therapeutic drug monitoring
Dose modification in hepatic, renal impairment
Optimal duration of antimicrobial therapy
Repeat cultures for unresolved sepsis * criteria
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MANAGEMENT OF INFECTIONS
ORGANISMS IN NEONATES

CAUSED

BY

ESBL-PRODUCING

1) Epidemiology
The bacterial pathogens causing neonatal sepsis include both gram-positive
organisms such as Group B Streptococcus spp. and coagulase-negative
Staphylococcus spp. and gram-negative organisms such as Klebsiella pneumoniae
and E. coli. In a recent Nosocomial Prevalence and Resistance Survey (NPRS)
conducted from 1997 to 1998 involving three neonatal units in Malaysia, E.coli
(29.4%), Klebsiella spp. (28.5%), Pseudomonas spp. (14.9%) and Acinetobacter spp.
(12.1%) were the most common gram-negative organisms isolated (1). Rates of
ESBL production among Klebsiella pneumoniae and E.coli in neonates vary between
countries, ranging from 11.8% -100%.1,2,3
Infections caused by ESBL-producing organisms in neonates are usually hospitalacquired and these may involve the bloodstream, lungs, central nervous system and
urine.4,5,6,7 NPRS data from 1997-1998 showed urine (31.8%), blood (22.7%) and
respiratory tract(18.2%) were the most common sites where ESBL-producing
organisms were isolated from neonates.1
2) Management
No randomized controlled trials on therapy of infections in neonates caused by ESBLproducing organisms have so far been conducted. Therefore, recommendations for
optimal therapy of these infections are based on in vitro antimicrobial susceptibility
studies and small case series or observational studies.
Limited case series and observational studies involving neonates have documented
the clinical efficacy of carbapenems in the treatment of infections caused by both
ESBL and non-ESBL producing gram-negative bacteria.6,8,9,10 Although data is limited
due to lack of clinical trials and there is good in vitro activity, a carbapenem such as
imipenem or meropenem is recommended for treating ESBL infections in the
neonate. Meropenem is preferred when these infections involve the central nervous
system due to its lower seizurogenic potential.
Although there is in vitro activity of quinolones against ESBL-producing isolates
causing infections in neonates, there is a lack of clinical data to guide treatment.
Sporadic case reports suggest clinical efficacy with ciprofloxacin for nosocomial
sepsis and meningitis.11,12,13 Ten out of 12 cases of nosocomial meningitis in babies
receiving ciprofloxacin at dosages between
10-60 mg/kg/day were cured.12
Pharmacokinetics of ciprofloxacin in intravenous dosages ranging from 4-40
mg/kg/day revealed adequate serum peak and cerebrospinal fluid (CSF)
concentrations.13 Side effects were limited to dental dyschromia. In nine neonates
given ciprofloxacin at 20mg/kg/day for multiresistant bacterial infections, no
osteoarticular problems or joint deformities were observed during follow-up for 42
months.14 Ciprofloxacin should only be considered for therapy when there are no
other alternative antibiotics that are active in vitro or there are severe adverse
reactions with carbapenems.
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Chapter 5 (IV): MANAGEMENT OF ESBL-PRODUCING
INFECTIONS IN NEUTROPENIC PATIENTS

BACTERIAL

Neutropenic patients are at high risk for various infections even if cultures of clinical
specimens are not positive. Between 48% and 60 % of neutropenic patients who
become febrile have an established or occult infection, and about 16% of patients with
neutrophils counts of < 100/mm³ have bacteraemia. Bacteremia is most frequently
due to aerobic gram-positive cocci or aerobic gram-negative bacilli.1
Gram negative bacteraemia is a leading cause of death in febrile neutropenic patients,
accounting up to ~ 30% of deaths by infections in some series.2 Several antibiotics
regimens have been recommended by the Infectious Diseases Society of America for
empiric treatment of fever in neutropenic patients. Among the regimens are
combination of an antipseudomonal β-lactam and an aminoglycoside.1 Hence, many
cancer patients, especially those with leukemia who experience several episodes of
neutropenia with fever during the typical year, received repeated and prolonged
course of antibiotics. As a consequence, some specific susceptibility problems
related to these changes are due to mainly the emergence of resistant enteric gramnegative bacteria.3
CLINICAL MANIFESTATIONS
Empirical administration of broad spectrum antibiotics is necessary for febrile
neutropenia patients because the currently available diagnostic tests are not
sufficiently rapid, sensitive, or specific for identifying or excluding the microbial cause
of a febrile episode.1
There have not been many reports on ESBL infection especially in the adult
population. Most reports were on the paediatric patients. These reports in paediatric
oncology patients showed relatively high incidence of ESBL producing bacteraemia;
about 50% - 56% of all Klebsiella pneumoniae blood isolates and about 18% of E.coli
isolates were inferred to be ESBL producers. The infections were deemed to be
nosocomial in origin.5,6 In Ariffin et. al., the risk factors of ESBL infection (again in
blood specimens) were mainly related to the duration of hospital stay (2 weeks or
longer) and prior use of third generation cephalosporin within 2 weeks of
presentation.5 Similar findings were documented in Johnson et. al. where he
compared the neutropenic and non-neutropenic adult patients with β-lactam resistant
Enterobacter bacteraemia. The results showed that fewer non-neutropenic patients
were infected with the ESBL producing Enterobacter. He attributed the findings to
prior hospitalisation as well as prior β-lactam antibiotic exposure.7
The mortality due to resistant organisms shows a higher trend in neutropenic patients
but due to the relatively small population studied, it was not statistically significant.7
However, in Ariffin et. al., the mortality was higher in patients with ESBL producing
Klebsiella pneumoniae.5
Therefore, in a hospital or ward with high incidence of ESBL-producing bacteria, if
symptomatic improvement is not seen during empirical treatment with a combination
of an antipseudomonal β-lactam and an aminoglycoside, a change of antibiotic
treatment regimen to include agents that are active against ESBL producers, e.g. a
carbapenem, should be promptly considered.6
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No randomised controlled trials have ever been performed to guide optimal treatment8
for infection caused by ESBL organisms. However, in vitro studies and observational
studies strongly suggest that carbapenems should be regarded as drugs of choice for
serious infections due to ESBL-producing organisms.
We recommend that screening for ESBL colonisers and identification of risk factors
for ESBL colonisation/infection to be performed upon admission for all patients prior
to administration of cytotoxic chemotherapy. The optimum duration of therapy has not
been confirmed up to the present time. Similarly, the cut off time to justify change of
antibiotics presumably due to antibiotic failure has not been defined. The alternative
antibiotics that can be used if a carbapenem to combat the infection has not been
studied. To date, there has been no randomized controlled trial performed that has
addressed these several very important issues pertaining to the treatment of infection
caused by ESBL producing organisms.
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Figure 5: Algorithm for the management of adult neutropenic patients with
infections caused by ESBL-producing organisms
Fever (> 38 0C) + Neutropenia (ANC < 1000/µl)

ESBL Carrier &/or Risk Factors +ve

Non-ESBL &/or Risk Factors -ve

Take Cultures
Aminoglycosides + antipseudomonal betalactam

No Clinical Response After 3/7 days Clinical Response

Reasses
Carbapenem
betalactam
(imipenem or meropenem)

Con’t AMG +

Culture

Non ESBL

ESBL

Modify antibiotic acc. to culture report

Culture Negative

Continue Tx

After 3 days
Afebrile
Continue Rx for:
- 4 days more (min=7days)
- culture negative
- no sx or sign of infection
- until ANC>500 µ/l

Febrile
Search for superinfection and
continue anti-ESBL Rx until clinical
response

(Clinical response includes : afebrile, stable vital signs, no new clinical signs)
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Chapter 6: INFECTION CONTROL MEASURES IN MANAGING INFECTIONS
CAUSED BY ESBL-PRODUCING BACTERIA

Surveillance
Laboratory-based surveillance1,2 should be conducted on a continuous basis to
detect ESBL producing gram-negative bacteria among patients who have had
cultures obtained for clinical reasons. If ESBL gram-negative bacteria are isolated
from any sample, the ward should be informed promptly. Known ESBL cases at the
time of readmission are identified via ESBL labels or a 'flag' be put in the facility's
computer database that is accessible. Screening of patients in high risk units (ICUs
and oncology wards)1,2 is optional after discussion with the microbiologist.
Preventing Cross-Infection
All the protocols that address preventing cross-infection1,3,4,5 emphasize that some
degree of physical separation of patients infected with resistant gram-negative
bacteria will decrease the risk of transmission of the resistant organisms. Therefore
isolation precautions are recommended for both colonised and infected patients.
Controlling Antimicrobial Pressure
Antimicrobial committee in the hospital will provide guidelines for improving use of
antimicrobial agents in hospital,2,6 thus minimizing the pressure for emergence of
resistant bacteria among patients.

A.

Procedures for patients infected / colonised by ESBL Producing
Organisms
1.

Tagging records/patients' cards
Attach ESBL identification label to medical records/ x-ray envelopes

2.

Education
Develop a system to ensure that hospital patients, personnel, and
visitors are educated about the use of precautions and their
responsibility for adhering to them.

3.

Contact Precautions
3.1
3.2

3.3
3.4
3.5
3.7

If possible, attend to the patient last after dealing with all noninfected patients.
Wash hands thoroughly with antiseptic (eg. Chlorhexidine or
an alcohol rub) and dry before and after contact with the
patient.
If a nearby wash-basin is not available, preferably the patient
should have a dedicated alcohol-chlorhexidine (Hibisol) container
next to the bed.
Wear gloves and aprons when handling or nursing the patient.
Dispose of all clinical wastes in a colour-coded bag for
incineration.
Do not move between patients without decontaminating the
hands, without removing protective clothing or with dirty
equipment.
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3.8

Keep all essential items of patient care in the cubicle with the
patient. Alternatively, if separate equipment is not available,
decontaminate reliably before using it on another patient

4. Additional Nursing Procedures
4.1

4.2

4.3

4.4

5.

Clothes
Change all night clothes daily after body wash.
Other
disposable garments should be changed preferably daily.
Linen
Change all bed linen daily. Send to laundry in appropriate bags
for "infected" linen.
Bedpan and urinals
4.3.1 Provide a dedicated bedpan (if possible) for ESBL stool
carriers.
4.3.2 Heat-treat bedpans and urinals at 80°C by using bedpan
disinfector4.3.3 Do not soak bedpans or urinals in
disinfectant.
4.3.4 Ensure that bedpans, urinals and bowls are stored
clean, inverted and dry.
Urinary catheters
4.4.1 Ensure that an aseptic procedure is used for insertion of
catheters.
4.4.2 Do not catheterize patients repeatedly.
4.4.3 Empty the urinary drainage bag by the tap and wear
disposable gloves while doing so. Do not break the
circuit and reconnect.
4.4.4 Use a separate jug or container for each patient when
empty urinary drainage bags.

Transfer/transport to other hospital departments
Limit the moment and transport of patients to essential purpose only. If
transfer is necessary, the receiving unit should be informed to ensure
that precautions are maintained to minimize the risk of crosscontamination. Early discharge if possible, provided no medical contraindication.
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B. Control of an outbreak
In an event of an outbreak:
-Form Action Group: Infection Control Team -linked nurse, ward sister
and patient's doctor.
-Review of: - Ward procedures, Ingested NG feeds
-Disinfectants & moist equipment that come in contact
with one or more patients
- Inspect: Bedpan washer, medical equipment, gel & liquid,
treatment room facilities
- Identify further asymptomatic colonized/ infected patients :
- Screen other patients if possible, otherwise all patients in the
affected unit are assumed to be colonised.
- Review the current nursing arrangement Hand hygiene practices
- Assess facilities available for isolation
e.g. adequate supply of disposable gloves, plastic aprons
- Consider need of restricting new admission
- Review of antibiotic policy of the affected wards
- ICT meet regularly with the ward staff to review the outbreak and
results of screening

20

Chapter 7 : STRATEGIES FOR PREVENTION OF EMERGENCE OF ESBLPRODUCING ORGANISMS
Several lines of evidence suggest that there is a causal association between
antimicrobial usage in hospitals and antimicrobial resistance.1,2,3 These observations
include :
• Antimicrobial resistance is more prevalent in nosocomial strains than in those
from community-acquired infections.
•

Patients infected with resistant strains are more likely than controls to have
received prior antimicrobials

•

Hospital areas that have the highest prevalence of resistance also have the
highest rates of antibiotic use

•

Changes in antimicrobial usage are paralleled by changes in the prevalence of
resistance

Is there a link between specific antibiotic use and emergence of ESBLs ?
There is some evidence for this which includes :
•

The extensive use of extended-spectrum penicillins and cephalosporins has
correlated with the emergence of a variety of broad-spectrum beta-lactamases
with different affinity to the various beta-lactams.4,5

•

In hospitals, betalactamase producing bacteria encounter simultaneous or
consecutive selective pressure with different beta-lactam molecules and it is likely
that ESBL variants in hospital isolates result from fluctuating selective pressure
with several beta-lactams rather than with a single antibiotic.6 So it may be
important to review the overall use of all beta-lactam antibiotics.

•

Patients infected with ESBL producers often share heavy prior use of 3rd
generation cephalosporins.7 Thus the empirical use of 3rd generation
cephalosporins should be reviewed.

Strategies for the control of emergence of ESBL–producing organisms
Strategies for the control of emergence of antimicrobial resistance in general apply to
ESBL-producing organisms.
These include 2,3
• Optimal use of all antimicrobials in general. This will decrease
resistance towards first and second-line antibiotics; thus decreasing
the need to use more broad-spectrum antibiotics.
•

Specific for ESBLs, selective removal, control, or restriction of
antimicrobials or classes of antimicrobials e.g 3rd generation
cephalosporins and making available alternatives.
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•

Rotational or cyclic antimicrobial use to reduce resistance to certain
antibiotics is another strategy. However, further evidence is required
from clinical trials.

Several reports have stated a reduction in occurrence of ESBL-producing organisms
by replacing 3rd generation cephalosporins for widespread empirical use, either
through formal restriction of availability or by education and increasing availability of
alternatives.7,8,9 However, replacing the extended-spectrum ß-lactams with imipenem
or piperacillin-tazobactam may reduce the occurrence of ESBL-producing organisms
but resulted with increasing resistance in Pseudomonas aeruginosa to imipenem or
piperacillin-tazobactam. Thus, formulary changes will have to be made after careful
considerations and their effects monitored.
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Chapter 8: FUTURE DIRECTIONS
The prevalence of ESBL-producing organisms in Malaysian hospitals appear to be on
the uptrend.1,2,3,4 Since ESBL-producing organisms often acquire additional
mechanisms of resistance they can become resistant to many classes of antibiotics
thus posing a formidable clinical challenge to clinicians.
It is far too simplistic to think of ESBL-producing organisms as a single entity. As
shown in the classification of betalactamases there are now at least 119 ESBLs
identified.5 These different ESBLs may have different substrate profiles hence
different antibiotic susceptibility patterns. There is a need to better characterise the
organisms such that a more precise identification of the enzyme involved can be
obtained. Such studies require molecular methods and research projects on the
characterisation of ESBLs in Malaysia should be undertaken.
At the moment the carbapenems appear to be the most reliable betalactam antibiotics
to use for the treatment of ESBL-producing organisms. The currently available
carbapenems in Malaysia are imipenem and meropenem but several new
carbapenems are currently undergoing clinical trials.
There is a dearth of new anti-gram negative antimicrobials although some new
fluroquinolones and carbapenems (including oral agents) are in the pipeline. There
has also been some developments in antimicrobial peptide compounds e.g.
defensins.8 Attempts are also being made to develop new compounds through
studying microbial genomes, identifying potential targets and synthesizing molecules
that will attack these targets. Other strategies include chemical modifications of
current compounds, developing potentiators of known antibiotics and even inhibitors
of bacterial genes.9 Such compounds hold promise but it is highly unlikely that a new
agent for ESBL-producing organisms will be available for general clinical use in the
immediate future.
ESBL-producing organisms are carried in the gut and studies have suggested that
the carriage even after discharge from hospitals can be prolonged. As colonisation
precedes infection, is there a role for elimination of gut carriage?
Selective decontamination of the digestive tract (SDD) using non-absorbable
antibiotics like polymyxin has been used to eliminate gut carriage of aerobic gramnegative bacilli.10 However SDD is an expensive option and not without its drawbacks.
Strategies are also being developed to intervene directly at the process of sepsis,
severe sepsis and septic shock.11 A wide range of strategies with therapeutic
potential (antiendotoxins, anticytokines, anticoagulants, NOS inhibitors, pentoxyfilline,
etc). Unfortunately none as yet has been shown to be effective.
There is an urgent need to improve infection control measures in Malaysian hospitals
to reduce cross-infection of these resistant organisms. Education and behavior
modification are the cornerstones of improving compliance with infection control
measures. The possibility of using high-technology equipment e.g. sensors to warn of
non-compliance with handwashing is also being studied.
In conclusion, treatment options for ESBL-producing organisms will remain limited in
the near future. There is a need to better characterise strains to allow for maximum
use of existing agents. There is a need to better define strategies to prevent
emergence and more studies in this area are clearly required. Finally there is also a
need to improve on infection control methods.
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