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as distinctly shorter and consisted of 232 amino acids [5], of
hich 224 were identical to the Rep protein of plasmid pSCS34.
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ailure of cefepime therapy in neutropenic patients with
xtended-spectrum �-lactamase-producing Gram-negative

acteraemia

Sir,
The marked increase in the incidence of infections due to

xtended-spectrum �-lactamase (ESBL)-producing organisms in

a
t
t
A
i

ntimicrobial Agents 33 (2009) 383–391

ecent years is of great concern as these organisms are resistant
o a broad range of �-lactams [1]. A major problem with ESBLs is
heir ability to cause therapeutic failure with cephalosporins even
hen the host organism appears to be susceptible to these agents

n laboratory tests [2].
Cefepime has been recommended as an empirical regimen for

atients with febrile neutropenia according to the 2002 clinical
ractice guidelines of the Infectious Diseases Society of Amer-

ca (IDSA) [3]. On the basis of antimicrobial susceptibility data,
efepime appears to be a therapeutic option for the treatment of
nfections caused by ESBL-producing organisms. However, there are
canty published data regarding the clinical outcome of empirical
efepime therapy in febrile neutropenia caused by ESBL-producing
scherichia coli or Klebsiella pneumoniae (ESBL-EK) [4,5]. Therefore,
n the current study we evaluated the clinical outcome of patients

ith neutropenic fever who received cefepime therapy for ESBL-EK
acteraemia.

Data from the Clinical Microbiological Laboratory and the med-
cal records of individuals admitted to Samsung Medical Center,
eoul, South Korea, a 1300-bed tertiary-care university hospital,
rom January 2005 to December 2006 were reviewed retrospec-
ively to identify patients with E. coli or K. pneumoniae bacteraemia.
n this institute, cefepime (2 g every 12 h) has been the most com-

only used empirical agent to treat cancer patients with febrile
eutropenia. Febrile neutropenic patients with bacteraemia due to
SBL-EK and who were treated with cefepime were selected.

Species identification was carried out using VITEK II
bioMérieux, Hazelwood, MO) using a standard identification
ard. Antibiotic susceptibility testing was performed using the
icrodilution method. Minimum inhibitory concentration (MIC)

reakpoints and quality control protocols were according to
tandards established by the Clinical and Laboratory Standards
nstitute. For each isolate, MICs were determined for inoculum
izes of 105 colony-forming units (CFU)/mL and 107 CFU/mL.
olymerase chain reaction (PCR) and sequence analysis were
sed to identify the gene responsible for the ESBL phenotype in
SBL-producers. PCR for blaTEM, blaSHV and blaCTX-M was performed
s per a previously described protocol [6].

Fifteen febrile neutropenic patients with ESBL-EK bacteraemia
eceived cefepime during the study period. One patient with mixed
acteraemia, seven patients with cefepime-resistant ESBL-EK bac-
eraemia and one patient who died of sepsis within 48 h of receiving
efepime were excluded. Thus, six patients were included in the
tudy.

The clinical details of the six patients are summarised in Table 1.
ll of the six patients were admitted in a general ward at the time
f the initiation of cefepime therapy. All patients were categorised
s high-risk as defined by the IDSA guidelines [3]. Among the six
atients, there was only one clinical cure in a patient with uri-
ary tract infection. After 72 h of treatment, the infecting organisms
ersisted in four patients and were eradicated in two patients. In
tandard inoculum tests, all isolates were susceptible to cefepime.
owever, the MICs of all isolates were ≥128 mg/L in higher inocu-

um tests.
Although ESBLs hydrolyse cephalosporins, many ESBL-

roducing organisms are not resistant to all cephalosporins,
ncluding cefepime, when tested in vitro. Ambrose et al. [7] have
uggested that cefepime at 2 g every 12 h has a high probability of
chieving pharmacokinetic/pharmacodynamic targets that have
reviously been correlated with clinical success. However, several

necdotal reports have been published in which patients have had
reatment failure when receiving cefepime as treatment for infec-
ions by ESBL-producing organisms in non-urinary infections [4,5].
n organism may appear to be susceptible to a drug when tested

n vitro using a standard inoculum but the drug may be ineffective
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Table 1
Clinical outcome of six febrile neutropenia patients with extended-spectrum �-lactamase (ESBL)-producing Klebsiella pneumoniae and Escherichia coli bacteraemia treated
empirically with cefepime, to which the causative organisms were susceptible in vitro.

Age (years)/
sex

Underlying
disease

Site of
infection

Organism Characteristics
of ESBL

Initial antibiotic
regimen

Cefepime MIC (�g/mL) Treatment outcome

105 CFU/mL 107 CFU/mL

52/F Multiple
myeloma

Urinary
tract

E. coli TEM FEP 8 >256 Cure: complete response to initial
antimicrobial therapy

70/F Lymphoma Unknown K. pneumoniae TEM FEP, VAN 8 >256 Failure: persistent fever and
bacteraemia after 3 days; changed
to imipenem, but infected by MRSA
on Day 9 and died on Day 30 of
treatment

40/M Aplastic
anaemia

Biliary tract E. coli TEM FEP 8 >256 Failure: persistent fever and
bacteraemia after 3 days; changed
to meropenem without biliary
intervention and died on Day 20 of
treatment

41/M Aplastic
anaemia

Lung K. pneumoniae TEM FEP 2 128 Failure: persistent fever and
bacteraemia after 3 days; changed
to imipenem and transferred to a
hospice hospital on Day 15

45/F Lymphoma Perianal
abscess

E. coli TEM FEP, VAN, MTZ 2 128 Delayed response: persistent fever
after 3 days; changed to imipenem
and vancomycin, and 1 day later
fever subsided but died on Day 20
of treatment

70/M Lymphoma Unknown K. pneumoniae CTX-M FEP 2 128 Failure: persistent fever and
bacteraemia after 3 days; changed
to imipenem, but infected by
Candida on Day 5 and died on Day

M VAN, v
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Sungkyunkwan University School of Medicine, Seoul,
IC, minimum inhibitory concentration; CFU, colony-forming units; FEP, cefepime;

n vivo owing to a high inoculum. A high-inoculum effect was
ecently reported with cefepime for ESBL-EK [8]. However, few
linical studies have been conducted deliberately to confirm the
ndings of in vitro and animal model studies.

In this report, a suboptimal clinical outcome was observed when
efepime treatment was used for bacteraemia caused by ESBL-EK,
hich may not appear to be resistant on the basis of cefepime
ICs of 8 �g/mL (the conventional MIC cut-off value). Further-
ore, the ‘inoculum effect’ with cefepime was also demonstrated

n these isolates. Thus, our findings strongly support the concept
hat cefepime should not be used as first-line therapy against ESBL-
roducers.
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xtended-spectrum �-lactamase-producing Klebsiella pneumo-
iae in a Neonatal Intensive Care Unit in León, Nicaragua

Sir,
The spread of multiresistant extended-spectrum �-lactamase

ESBL)-producing Enterobacteriaceae in hospital settings has
ecome a global health problem [1]. The aim of this study was to
ssess the prevalence of ESBLs among Klebsiella pneumoniae strains
solated from neonates with septicaemia and from the environment
f the Neonatal Intensive Care Unit (NICU) as a source of infection
t a hospital in Nicaragua.

Blood samples for bacterial isolation and clinical information
ere obtained from 135 neonates admitted to the NICU of the
ospital Escuela Dr. Oscar Danilo Rosales Arguello (HEODRA) in
eón, Nicaragua, between August and October 2005 as prospective
urveillance. Ninety-eight samples were collected from environ-
ental screening of the NICU carried out once during the same

eriod. Swabs moistened with sterile saline solution were used for
ampling of work surfaces, sinks, incubators, solutions and equip-

ent for intubation and enteral feeding, and the hands and noses

f nurses and physicians.
Identification of Gram-negative species was done using the

PI 20E identification system (bioMérieux, Marcy-l’Etoile, France).
inimal inhibitory concentrations (Table 1) for seven antibi-

b
e
u
t
p

able 1
haracteristics and susceptibilities of Klebsiella pneumoniae isolates from neonates with s

pecimen code Antimicrobial resistance profile MIC (mg/L)

AMC CRO CAZ CIP GEN

00997n CRO, GEN, SXT 16 128 16 0.032 64
50905n CRO, CAZ, GEN, SXT 16 128 64 0.064 64
13830n CRO, CAZ, GEN, SXT 16 128 128 0.064 64
14903n AMC, CRO, CAZ, GEN, SXT 32 128 128 0.064 64
17296n CRO, CAZ, GEN, SXT 16 128 128 0.064 64
17530n CRO, CAZ, GEN, SXT 16 128 128 0.064 64
17645n AMC, CRO, CAZ, GEN, SXT 32 128 128 0.064 64
18990(ii)n CRO, CAZ, GEN, SXT 16 128 128 0.064 64
19213n CRO, GEN, SXT 16 128 4 0.064 64
20067n CRO, CAZ, GEN, SXT 16 128 128 0.032 64
20098n AMC, CRO, CAZ, GEN, SXT 32 128 128 0.064 64
20360n CRO, CAZ, GEN, SXT 16 128 128 0.032 64
20665n AMC, CRO, CAZ, GEN, SXT 32 128 128 0.032 64
69230n CRO, CAZ, GEN, SXT 16 128 64 0.032 64
amam CRO, CAZ, GEN, SXT 16 128 64 0.032 64
atem4 AMC, CRO, CAZ, CIP, GEN, SXT 32 128 64 32 32
mcuba CRO, CAZ, GEN, SXT 16 128 32 0.032 32
ste2 CRO, CAZ, GEN, SXT 16 128 32 0.032 32
a76b CIP 4 0.064 0.25 4 0.5

oliv4 AMC, CRO, CAZ, GEN, SXT 32 128 64 0.016 32
oliv5 CRO, CAZ, GEN, SXT 16 128 64 0.125 32
oliv6 CRO, CAZ, GEN, SXT 16 128 64 0.032 32
oliv8 CRO, CAZ, GEN, SXT 16 128 64 0.032 32
olm1 CRO, CAZ, CIP, GEN, SXT 16 128 64 4 32
erm8 CRO, CAZ, GEN, IPM, SXT 16 128 32 0.032 32
ent6 CRO, CAZ, GEN, SXT 16 128 128 0.064 32

, K. pneumoniae isolated from a neonate with sepsis; camam, K. pneumoniae isolated from a
rom a incubator; este, K. pneumoniae isolated from a stethoscope; ma, K. pneumoniae is
olutions; term, K. pneumoniae isolated from a thermometer; vent, K. pneumoniae isol
eftazidime; CIP, ciprofloxacin; GEN, gentamicin; IPM, imipenem; STX, trimethoprim/sulf
-lactamase; RAPD, random amplified polymorphic DNA.
ntimicrobial Agents 33 (2009) 383–391

tics were determined by the agar dilution method according
o the Clinical and Laboratory Standards Institute [2,3]. Data
ere analysed using WHONET 5.4 and SPSS 15.0 software.
ruskal–Wallis H-test for multiple comparison and Mann–Whitney
-test for comparing two groups of K. pneumoniae (strains

rom neonates with septicaemia and strains from the envi-
onment) in terms of antibiotic resistance to each antibiotic
ere used. A P-value of <0.05 was considered significant.

SBL production was detected using the Etest system (AB
IODISK, Solna, Sweden) with cefotaxime/cefotaxime + clavulanic
cid, ceftazidime/ceftazidime + clavulanic acid, and cefepime/
efepime + clavulanic acid. All isolates were screened for resistance
enes encoding SHV-, TEM-, CTX-M- and OXA-type enzymes fol-
owing the procedure described by Fang et al. [4]. Polymerase chain
eaction (PCR) amplification was carried out on a DNA Thermal
ycler GeneAmp® PCR System 9700 (Applied Biosystems, Foster
ity, CA). Epidemiological relationships between the 26 K. pneu-
oniae isolates were analysed by random amplified polymorphic
NA (RAPD) as described by Touati et al. [5] with some modifica-

ions. RAPD typing was performed using PuReTaq Ready-To-GoTM

CR Beads (GE Healthcare UK Ltd., Little Chalfont, UK) with the
ollowing primers: primer 4 (5′-AAGAGCCCGT-3′); and primer 5 (5′-
ACGCGCAAC-3′) (Thermo Fisher Scientific, Ulm, Germany). PCR
mplification was carried out as follows: 1 cycle at 94 ◦C for 5 min,
5 (primer 4) and 31 (primer 5) cycles at 94 ◦C for 5 s, 42 ◦C for 30 s
nd 72 ◦C for 1 min, with a final extension period at 72 ◦C for 5 min.
ollowing amplification, the banding pattern of randomly amplified
NA was visualised and analysed on 1.5% agarose gel in Tris–acetate

uffer 1×. A negative control with no target DNA was included in
ach PCR. Reproducibility of the amplification results was eval-
ated in parallel experiments by repetition of the PCR reactions
hree times. Electrophoresed agarose gels were analysed using the
rogram Molecular Analyst/PC Fingerprint Version 1.12 (Bio-Rad,

epsis and from the Neonatal Intensive Care Unit environment.

�-lactamase gene profile ESBL Etest RAPD type

IPM SXT SHV TEM CTX-M OXA

0.19 4 + – – – + Clone 1
0.19 4 + + + – + Clone 3
0.25 4 + + + – + Clone 3
0.19 4 + + + – + Clone 3
0.25 4 + + + – + Clone 3
0.19 4 + + + – + Clone 3
0.19 4 + + + – + Clone 3
0.19 4 + + + – + Clone 3
0.25 4 + + + – + Clone 3
0.19 4 + + + – + Clone 3
0.25 4 + + + – + Clone 3
0.25 4 – + – – + Clone 3
0.19 4 + + + – + Clone 3
0.19 4 + + + – + Clone 3
0.25 4 + + + – + Clone 3
0.25 4 + + + – + Clone 3
0.25 4 + + + – + Clone 4
0.38 4 + + + – + Clone 3
0.19 0.25 – – – – – Clone 2
0.25 4 + + + – + Clone 3
0.25 4 + + + – + Clone 3
0.25 4 + + + – + Clone 3
0.19 4 + + + – + Clone 3
0.25 4 + + + – + Clone 3

32 4 – + – – + Clone 5
0.25 4 + + + – + Clone 3

bed; catem, K. pneumoniae isolated from a catheter; emcuba, K. pneumoniae isolated
olated from a medical doctor’s hand; sol, K. pneumoniae isolated from parenteral
ated from a ventilator; AMC, amoxicillin/clavulanic acid; CRO, ceftriaxone; CAZ,
amethoxazole; MIC, minimum inhibitory concentration; ESBL, extended-spectrum
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