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Thirteen patients who had 16 episodes of bacteremia were observed between 1993 and 1997 in a pediatric
oncology ward with a high background isolation rate of cefotaxime- or aztreonam-resistant gram-negative
bacteria. Four blood isolates were Escherichia coli and 12 were Klebsiella pneumoniae, and these isolates
harbored extended-spectrum b-lactamases (ESBLs). All episodes of bacteremia were nosocomial, all except
one of the episodes occurred in neutropenic patients, and all patients were treated with piperacillin or
ceftazidime with amikacin and cefazolin prior to the onset of bacteremia. Nine of 13 patients were receiving
extended-spectrum b-lactam treatment when the bacteremias caused by ESBL producers occurred. Molecular
studies revealed that four K. pneumoniae SHV-2-producing isolates from 1994 were of the same clone. Other
ESBL producers, including six that carried both TEM-1 and SHV-5, five that carried SHV-5, and one that
carried SHV-2 alone, were unrelated. In conclusion, SHV-5 was present in 11 of the 16 isolates and coexisted
with TEM-1 in 6 isolates. Acquisition of resistance genes probably occurred under antibiotic selection pressure.
This study highlights the importance of routine checks for and detection of ESBL producers. Effective therapy
against ESBL producers should be considered early for children who have malignancies and neutropenia and
who are septic, despite treatment with a regimen that includes an extended-spectrum b-lactam, in a clinical
setting of an increased incidence of ESBL-producing bacteria.

Neutropenic patients are at high risk for various infectious
diseases even if cultures of clinical specimens are not positive.
Extended-spectrum b-lactam monotherapy or extended-spec-
trum b-lactam therapy in combination with an aminoglycoside
is generally accepted as the empirical regimen for febrile neu-
tropenia following chemotherapy for a malignancy (6, 7, 17, 27,
40). However, the choice of empirical antimicrobial therapy
should be evaluated periodically to prevent treatment failure
due to antimicrobial resistance. Combination therapy with an
antipseudomonal b-lactam antibiotic such as piperacillin or
ceftazidime with an aminoglycoside (amikacin usually) had
been used extensively to treat patients with malignancies and
infectious diseases in the pediatric oncology ward at the Na-
tional Taiwan University Hospital (NTUH) in the past 10
years. Such combination therapy was particularly used in fe-
brile neutropenic patients. However, recent reports of treat-
ment failure due to extended-spectrum b-lactamase (ESBL)-
producing bacteria were of great concern to clinical practice (3,
21). High incidences of infections caused by ESBL-producing
bacteria in intensive care units were reported in different areas
(14, 25). Concern about such drug-resistant bacterial infections
had extended to nursing homes (43), geriatric (8) and pediatric
(10, 12, 13) populations, transplant recipients (12), and oncol-
ogy patients (16). Those infected were often fragile and unable
to tolerate infectious diseases. Failure to identify ESBL pro-
ducers by routine susceptibility testing may lead to inappro-

priate antimicrobial treatment and may result in increased
mortality.

Gram-negative aerobic bacteria accounted for the majority
of cases of nosocomial infection at NTUH (5). The frequency
of extended-spectrum b-lactam-resistant Klebsiella pneu-
moniae at NTUH increased from 3.4% in 1993 to 10.3% in
1997, as determined by the disk diffusion method (18). An
increasing prevalence of extended-spectrum b-lactam-resistant
Escherichia coli, from 2.5% in 1993 to 6.7% in 1997, was also
observed (24). Compared with the average data from a hospi-
tal-wide surveillance, the frequencies of extended-spectrum
b-lactam-resistant K. pneumoniae and E. coli isolates in a pe-
diatric ward were found to be three to five times higher (see
below). In the current study, a retrospective survey with de-
tailed molecular analysis was conducted to investigate the clin-
ical significance of ESBL-producing K. pneumoniae and E. coli
bacteremia in children with malignancies.

MATERIALS AND METHODS

Patients and bacterial strains. We searched the computerized database at
NTUH, an 1,800-bed acute-care medical center, for E. coli and K. pneumoniae
blood isolates resistant or intermediately susceptible to aztreonam or broad-
spectrum cephalosporins in a pediatric oncology ward between 1993 and 1997.
The pediatric oncology ward has 35 beds, and most patients were admitted for
evaluation and management of malignant diseases. The medical records of pa-
tients harboring the studied microorganisms were reviewed. Neutropenia was
defined as a polymorphonuclear cell count of #500/mm3. The bacterial strains
were stored at 270°C before retrieval for testing.

Antimicrobial susceptibility testing. Antimicrobial susceptibility was deter-
mined by both the agar dilution and disk diffusion tests according to the National
Committee for Clinical Laboratory Standards (NCCLS) (30, 31). For suscepti-
bility testing by the agar dilution method, the following antimicrobial agents were
obtained as standard reference powders of known potency for laboratory use:
amoxicillin, ampicillin, and cephalothin (Sigma Chemical Co., St. Louis, Mo.);
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clavulanic acid (SmithKline Beecham, Brockhans Park, United Kingdom); pip-
eracillin and tazobactam (Lederle Laboratories, Pearl River, N.Y.); cefmetazole
(Sankyo Co., Hiratsuka, Japan); imipenem (Merck Sharp & Dohme, West Point,
Pa.); cefotaxime (Hoechst Marion Roussel, Frankfurt, Germany); ceftazidime
(Glaxo Group Research Limited, Greenford, United Kingdom); cefepime, ami-
kacin, and aztreonam (Bristol-Myers Squibb Laboratories, Princeton, N.J.);
meropenem (Sumitomo Pharmaceuticals Co., Osaka, Japan); and ciprofloxacin
(Bayer Co., Leverkusen, Germany). All drugs were incorporated into Mueller-
Hinton agar (BBL Microbiology Systems, Cockeysville, Md.) in serial twofold
concentrations from 0.03 to 128 mg/ml. Two control strains, E. coli ATCC 35218
and ATCC 25922, were included in each test run. Inoculated plates were incu-
bated in ambient air at 35°C for 16 to 18 h. The MIC of each antimicrobial agent
was defined as the lowest concentration that inhibited visible growth of the
organism.

Screening tests for ESBL-producing strains. The double-disk synergy test and
the Etest for ESBLs were used as screening tests to detect ESBL-producing
strains. In the double-disk synergy test, the following antimicrobial disks were
placed on Mueller-Hinton agar (BBL Microbiology Systems) adjacent to an
amoxicillin-clavulanic acid disk (20 mg of amoxicillin plus 10 mg of clavulanate):
cefotaxime (30 mg), ceftazidime (30 mg), aztreonam (30 mg), and cefepime (30
mg). All disks were purchased from Becton Dickinson Microbiology System
(Sparks, Md.). The procedures and interpretation of the double-disk synergy test
were as described previously (19).

The Etest ESBL screen (PDM Epsilometer; AB Biodisk, Solna, Sweden),
based on the recognition of a reduction in the ceftazidime MIC in the presence
of clavulanic acid, was performed according to the manufacturer’s instructions.

Genomic fingerprinting by PFGE. Total DNA was prepared and pulsed-field
gel electrophoresis (PFGE) was performed as described previously (1, 41). The
restriction enzyme XbaI (New England Biolabs, Beverly, Mass.) was used at the
manufacturer’s suggested temperature. Restriction fragments were separated by
PFGE in a 1% agarose gel (Bio-Rad, Hercules, Calif.) in 0.53 TBE buffer (45
mM Tris, 45 mM boric acid, 1.0 mM EDTA [pH 8.0]) with the Bio-Rad CHEF-
DRII apparatus (Bio-Rad Laboratories, Richmond, Calif.). The initial pulse
time of 1 s was increased linearly to 35 s in 20 h at 200 V at 4°C. The gels were
then stained with ethidium bromide and photographed under UV light.

The band patterns were visually compared and were classified as indistinguish-
able (clonal), closely related (clonal variants, three or fewer band differences),
possibly related (four to six band differences), and unrelated according to pre-
viously described criteria (42).

Plasmid isolation and resistance transfer. Plasmid profile analysis was per-
formed by the alkaline extraction method (20). Resistance transfer was carried
out by conjugation. A rifampin-resistant strain of E. coli (strain JP-995) was used
as the recipient. Recipients and donors were separately inoculated into brain
heart infusion broth (Oxoid, Basingstoke, England) and were incubated at 37°C
for 4 h. They were then mixed at a volume ratio of 1:1 for overnight incubation
at 37°C. A 0.01-ml volume of the overnight broth mixture was then spread onto
a MacConkey agar plate containing rifampin (100 mg/ml) and either ceftazidime
(1 mg/ml) or aztreonam (2 mg/ml).

Isoelectric focusing. The isoelectric focusing procedure was generally per-
formed as described previously (28). Bacteria were harvested from a 20-h brain
heart infusion broth culture by centrifugation, and the pellet was resuspended in
1 ml of phosphate buffer (0.05 M; pH 7). The enzymes were released by two
cycles of freezing (270°C) and thawing (room temperature) and by sonication
for 5 min in a sonicator in ice-cold water. Isoelectric focusing was performed in
an ampholine gel (pH 3.0 to 10.0; Pharmacia, Uppsala, Sweden). Preparations
from standard strains known to harbor TEM-1, SHV-1, and SHV-5 were used as
standards. After isoelectric focusing, b-lactamases were detected by spreading
nitrocefin (50 mg/ml) on the gel surface.

Plasmid profile by restriction enzyme digestion. Plasmid DNA from the
transconjugant was prepared as described previously (1). Restriction enzyme
analysis of the plasmids from the transconjugants was performed according to
the manufacturer’s instructions. The restriction enzymes PvuII and PstI (Gibco
BRL, Grand Island, N.Y.) were used. HindIII- and EcoRI-digested l phage
DNA was used as a molecular weight marker.

PCR amplification for blaTEM and blaSHV and direct DNA sequencing. The
oligonucleotide primers (Gibco BRL) used for the PCR assay were as follows:
59-ATAAAATTCTTGAAGACGAAA (primer A), 59-GACAGTTACCAATG
CTTAATCA (primer B), 59-GGGTAATTCTTATTTGTCGC (primer C), and
59-TTAGCGTTGCCAGTGCTC (primer D). Primers A and B were known to
be specific for blaTEM (26). Primers C and D were known to be specific for
blaSHV (37). Reactions were performed in a DNA thermal cycler (Bio-Rad) in
50-ml mixtures containing 2.5 U of Taq polymerase (Promega, Madison, Wis.)
and 13 buffer consisting of 10 mM Tris-HCl (pH 8.3), 1.5 mM MgCl2, 50 mM
KCl, 0.01 mg of gelatin, each deoxynucleoside triphosphate at a concentration of
200 mM, and each oligonucleotide primer at a concentration of 2 mM. Thirty-five
cycles were performed for each reaction, with the following temperature profile
for each cycle: 94°C for 1 min, 58°C for 1 min, and 72°C for 1 min.

For direct DNA sequencing, PCR products were purified with MicroSpin
S-300 HR PCR purification columns (Pharmacia). Sequencing reactions were
performed with corresponding primers specific for the blaTEM and blaSHV genes
(26, 37) by the method of Sanger et al. (38). An automated sequencer (377; ABI
Prism, Perkin-Elmer, Norwalk, Conn.) was used.

RESULTS

Bacterial strains and clinical features. Forty-nine (56.3%)
of 87 isolates of K. pneumoniae and 21 (18.6%) of 113 E. coli
isolates obtained from all unselected clinical specimens from
the pediatric oncology ward submitted to the clinical microbi-
ology laboratory between 1993 and 1997 were resistant or
intermediately susceptible to aztreonam or broad-spectrum
cephalosporins by the disk diffusion method. Of the blood
isolates, 46.2% (12 of 26) of the K. pneumoniae isolates and
23.1% (6 of 26) of the E. coli isolates were not susceptible to
the extended-spectrum b-lactams. Of the 18 resistant blood
isolates recovered from storage, one E. coli isolate was missing
and another E. coli isolate was excluded because the MICs of
aztreonam and the broad-spectrum cephalosporins for the
strain were in the susceptible range (MICs, #2 mg/ml) when
the MICs were determined by the agar dilution method.
Twelve clinical isolates of K. pneumoniae (isolates kp1 to kp12)
and four isolates of E. coli (isolates ec13 to ec16) were included
in this study. Two isolates of E. coli (isolates ec13 and ec14)
were obtained from the same patient on different occasions (2
days apart). Similarly, two pairs of K. pneumoniae isolates
(isolates kp1 and kp2 and isolates kp10 and kp11) were from
two individual patients and were recovered 2 and 4 days apart,
respectively. A total of three episodes of E. coli bloodstream
infection and 10 episodes of K. pneumoniae bloodstream in-
fection in the pediatric ward from 1993 to 1997 were reviewed.
Clinical data on 13 patients are summarized in Table 1. All
patients had malignancies and received chemotherapy before
their bacteremia occurred. Only one (patient 6) was not neu-
tropenic when the multiple-drug-resistant strains were iso-
lated. All these infection episodes were nosocomial. The in-
fection focus could not be determined in most cases except for
two episodes of catheter-related infection and two episodes of
urinary tract infection (patients 1, 3, 4, and 12).

Patients had previously received piperacillin and/or ceftazi-
dime with amikacin and/or cefazolin. Nine of the 10 patients
were receiving an extended-spectrum b-lactam when they de-
veloped bacteremia caused by an ESBL-producing member of
the family Enterobacteriaceae. Thereafter, nine patients re-
ceived imipenem-containing regimens. Of these nine patients,
four patients recovered, three died of causes not attributable to
infection with an ESBL producer, and two died of mixed bac-
teremia or K. pneumoniae infection within 1 day of blood
culturing. The other 4 patients (of a total of 13 patients) were
treated with an extended-spectrum b-lactam-containing regi-
men, and only one of these patients died as a result of the
infection with an ESBL-producing K. pneumoniae strain. One
patient survived, one died of fungemia, and one died of
Stenotrophomonas maltophilia infection.

Three patients (patients 1, 3, and 4) who did not die as a
result of ESBL-producing K. pneumoniae bacteremia and who
received extended-spectrum b-lactams had identified sources
of infection, i.e., urinary tract infection or catheter-related
infection. Their infected catheters were removed, and their
antimicrobial regimens contained effective antibiotics. For two
patients (patients 1 and 4) with catheter-related ESBL-produc-
ing K. pneumoniae infection, cefmetazole (MIC 5 1 mg/ml for
kp1) or amikacin (MIC 5 0.5 mg/ml for kp5) was used. For
patient 3, who had a urinary tract infection and bacteremia due
to ESBL-producing K. pneumoniae, the isolate was susceptible
to amikacin (MIC 5 16 mg/ml), and he was successfully treated
with amikacin with cefazolin and ceftazidime.

Three patients (patients 1, 9, and 11) had bacteremias 2 to 4
days after a prior bacteremic episode. When the second epi-
sode of bacteremia occurred, one patient (patient 1) was not
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receiving therapy effective against an ESBL producer and two
patients (patients 9 and 11) had just begun (within 1 day) to
receive imipenem.

Plasmid profile and transfer of resistance determinants.
Comparison of plasmids isolated from clinical strains revealed
that each contained one or two plasmids with molecular sizes
of .90 kb. The gene encoding the ESBL could be transferred
with either ceftazidime or aztreonam selection in most donors
except for four K. pneumoniae isolates (isolates kp1 to kp4).
Only one plasmid was transferred for each strain, and the
resistance gene in each transconjugant was found to be located
in a plasmid of .90 kb (data not shown).

PFGE analysis of donors and plasmid profiles of transcon-
jugants. Two E. coli isolates (isolates ec13 and ec14) from the
same patient had exactly the same total DNA profile by PFGE
after XbaI digestion (Fig. 1A, lanes 13 and 14). Among the
three patients with E. coli bacteremia, three different DNA
profiles were identified by PFGE (Fig. 1A, lanes 15, 13 and 14,
and 16). Regarding the K. pneumoniae isolates, four isolates
(isolates kp1 to kp4) had indistinguishable PFGE patterns. The
other eight K. pneumoniae isolates (Fig. 1B, lanes 5 to 12,
respectively), including isolates kp10 and kp11 from the same
patient, had unrelated PFGE patterns (Fig. 1B). Restriction en-
zyme digestion of plasmids showed that all four E. coli transcon-
jugants (Fig. 2A) and eight K. pneumoniae transconjugants (iso-
lates kp5 to kp12) (Fig. 2B) had different PstI or PuvII digestion
profiles, indicating that their plasmids were all different.

Antimicrobial susceptibility of clinical isolates and transcon-
jugants. Results of the in vitro antimicrobial susceptibility tests
are shown in Table 2. All 4 E. coli isolates and all 12 K.
pneumoniae isolates were resistant to ampicillin and cefazolin
and susceptible to cefepime, cefmetazole, imipenem, mero-
penem, and ciprofloxacin. The proportions of isolates suscep-
tible to amoxicillin-clavulanic acid and piperacillin-tazobactam
were 66.6 and 93.8%, respectively. The MICs of extended-
spectrum b-lactams were not above the resistance breakpoint
according to NCCLS criteria (31) for all clinical isolates. A
total of 20, 26.6, 46.6, and 100% of the clinical isolates were
susceptible to aztreonam, ceftazidime, cefotaxime, and cefepime,
respectively. However, when clavulanic acid at a fixed concen-
tration of 4 mg/ml was combined with ceftazidime, cefotaxime,
aztreonam, or cefepime individually for susceptibility testing,
the MICs decreased by more than 16 times for all isolates and
all isolates became susceptible. The MICs of various antimi-
crobial agents for the 12 transconjugants were similar to those
for the clinical isolates from which they were derived.

All 16 isolates from 13 patients yielded positive results by the
double-disk synergy test and the Etest ESBL screening test.

Isoelectric focusing. Isoelectric focusing of sonic extracts of
the strains followed by nitrocefin screening revealed two major
bands with pIs of 5.4 and 8.2 for both the clinical isolates and
the transconjugants of two K. pneumoniae isolates (isolates kp9
and kp12) and all four E. coli isolates. Five isolates (isolates
kp1 to kp4 and kp10) had only one band with a pI of 7.6 and
five isolates (isolates kp5 to kp8 and kp11) had a band with a
pI of 8.2 (Table 3).

PCR amplification and sequencing of PCR products for
blaTEM and blaSHV. All four E. coli transconjugants were pos-
itive for both blaTEM and blaSHV by PCR amplification. The
entire blaTEM sequence including the promoter region from
the four E. coli isolates was found to be identical to the blaTEM-
1-encoding Tn2 sequence (11). Comparison of the sequences at
the blaSHV region of the four E. coli strains to the published
SHV-1 gene sequence (29) revealed three nucleotide substitu-
tions that caused two amino acid changes (position 238, Gly
[GGC]3Ser [AGC]; position 240, Glu [GAG]3Lys [AAG]),P1
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with the remaining one being silent (position 268, Thr
[ACG]3Thr [ACC]). The amino acid sequences at the blaSHV
region of all four E. coli isolates were found to be identical to
the published SHV-5 sequence (2). Two isolates of K. pneu-
moniae (isolates kp9 and kp12) also harbored both TEM-1 and
SHV-5 genes, as did the four E. coli isolates. The other 10 K.
pneumoniae isolates had only one SHV-type gene (Table 3).
Five isolates had the SHV-5 gene. Five isolates had an SHV-2

gene with the characteristic of one nucleotide substitution
that caused one amino acid change (position 238, Gly
[GGC]3Ser [AGC]). Four SHV-2-producing K. pneu-
moniae isolates (isolates kp1 to kp4) did not have the silent
mutation (position 268, Thr [ACG]3Thr [ACC]), whereas
another SHV-2 producer (isolate kp10) and all the SHV-5-
containing isolates had the same silent mutation that the E. coli
isolates had.

FIG. 1. Profiles produced by PFGE of macrorestriction fragments of ESBL-producing E. coli (A) and K. pneumoniae (B) isolates after digestion with XbaI. Lanes
M, SmaI-digested Staphylococcus aureus NCTC 8325 DNA ladder as a molecular size marker. See Table 1 for the origins of the isolates. Lanes 1 to 12, isolates from
patients 1 to 10, respectively; lane 15, isolate from patient 12; lanes 13 and 14, isolates from patient 11; lane 16, isolate from patient 13.

FIG. 2. PstI and PvuII digestion profiles of plasmids from transconjugants of E. coli (A) and K. pneumoniae (B). Lanes M, EcoRI-HindIII-digested l phage DNA
ladder; lanes 5 to 12 and 13 to 16, transconjugants of clinical isolates kp5 to 12 and ec13 to 16, respectively. See Table 1 for the origins of the clinical isolates.
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DISCUSSION

In the hospital studied, routine susceptibility testing was
performed by the Kirby-Bauer disk diffusion test, and cefo-
taxime was the antibiotic representative of broad-spectrum
cephalosporins, as recommended by NCCLS (30), unless a
special request was made to test for susceptibility to another
antimicrobial agent or the isolate was resistant to cefotaxime.
The double-disk synergy test was not routinely used in our
clinical microbiology laboratory. Since some ESBL producers
may not be detectable by the routine use of only one extended-
spectrum b-lactam, the prevalence of ESBL-producing mem-

bers of the family Enterobacteriaceae might have been even
higher than what was reported.

In this study, clonal spread was detected by PFGE in four
isolates of K. pneumoniae from 3 patients (patients 1 to 3) that
produced SHV-2 in 1994. The four isolates also shared the
characteristic of not transferring their resistance by conjuga-
tion and lacked a silent mutation (position 268, Thr
[ACG]3Thr [ACC]). The other K. pneumoniae isolates from
different patients proved to be unrelated by PFGE. The dif-
ferences in their plasmid digestion profiles also ruled out the
possibility of plasmid dissemination in the ward studied.

Two plasmid-mediated b-lactamases, TEM-1 and SHV-5,
were simultaneously found in two K. pneumoniae isolates (iso-
lates kp9 and kp12) and in all four E. coli isolates. These
resistance determinants were conjugatively transferable, and a
plasmid of .90 kb was identified in all six transconjugants.
However, the plasmid digestion profiles of these isolates re-
vealed six different patterns, even for the two isolates from the
same patient (isolates ec13 and ec14). The circulation of one
resistant plasmid harboring two b-lactamase genes was thus
excluded.

It is estimated that worldwide about 50% of clinical E. coli
isolates produce a TEM-1 b-lactamase (23, 36), and TEM-1
accounts for about 80% of all plasmid-encoded b-lactamases in
clinical members of the family Enterobacteriaceae (9). Al-
though the prevalence of TEM-1 in Taiwan was not studied,
considering the worldwide distribution of TEM-1 and the find-
ing that, in 1998, 82% of the E. coli isolates in our hospital were
ampicillin resistant, as determined by the routine disk diffusion
method, the existence of TEM-1 in our E. coli isolates seems
reasonable. The gene for SHV-5 has been reported to be the
most common ESBL gene in K. pneumoniae isolates in another
Taiwan hospital (22) and was the predominant ESBL gene in
our K. pneumoniae isolates as well. That the spread of ESBL is
mainly by patient-to-patient transfer rather than by direct se-
lection of point mutation derivatives has been postulated on
the basis of a clinical intervention study (34). The coexistence
of TEM-1 and SHV-5 instead of the occurrence of TEM-1
mutant ESBLs in our E. coli isolates suggests a greater ease of
acquisition of another ESBL gene compared with the devel-
opment of a TEM-1 ESBL gene with a mutation.

There were three pairs of sequential isolates from three
patients (Table 3). Two E. coli isolates from patient 11 recov-
ered 2 days apart were of the same clone but had different
plasmids. Although the existence of completely different plas-
mids in the two isolates was not impossible, this finding sug-
gests the possible existence of a unit smaller than a plasmid,
such as integrons or transposons (15), or the existence of an
unstable plasmid that may change easily. The two K. pneu-
moniae isolates from patient 1 (isolates kp1 and kp2) and
another two strains (isolates kp3 and kp4) had the same mac-
rorestriction pattern by PFGE, suggesting a clonal origin. As
for isolates kp10 and kp11, which were isolated from patient 9
4 days apart, the totally different macrorestriction patterns,
ESBL genes, and plasmid digestion patterns suggest that these
two strains were acquired independently of each other. There
were thus three different bacteriologic patterns in patients with
bacteremia caused by consecutive ESBL producers.

In the current study, most of the ESBL producers had ini-
tially been reported to be intermediately susceptible or resis-
tant to cefotaxime. With even further determination of MICs
by the agar dilution method, some isolates were susceptible to
cefotaxime, ceftazidime, or aztreonam. According to the new
recommendations by NCCLS in 1999 (32) for susceptibility
testing of E. coli and K. pneumoniae, strains that are inhibited
to a lesser degree than the normal susceptible population, even

TABLE 2. In vitro susceptibilities of the 4 E. coli isolates, 12
K. pneumoniae isolates, and their transconjugants determined

by the agar dilution method

Antibiotica
MIC (mg/ml)b %

Susceptible
strainsRange 50% 90%

ATM 2–64 16 64 25
CAZ 4–$256 128 $256 25
CAZ1CLA 0.06–4 0.5 4
CTX 2–32 16 32 43.8
CTX1CLA #0.03–2 0.5 2
FEP 0.12–2 1 2 100
AMP 16–$256 $256 $256 0
AMX1CLA 2–32 8 32 62.5
CFZ 16–$256 64 128 0
CMZ 0.5–16 2 16 100
AMK 0.5–16 4 16 100
IPM 0.06–0.5 0.12 0.25 100
CIP #0.03–1 #0.03 0.5 100
PIP1TZB 1–128 2 16 93.8

a ATM, aztreonam; CAZ, ceftazidime; CTX, cefotaxime; FEP, cefepime;
AMP, ampicillin; AMX, amoxicillin; CFZ, cefazolin; CMZ, cefmetazole; AMK,
amikacin; IPM, imipenem; CIP, ciprofloxacin; PIP, piperacillin; CLA, clavulanic
acid (which was used at a fixed concentration of 4 mg/ml when tested with
ceftazidime, cefotaxime, aztreonam, and cefepime and at a ratio of 2:1 when it
was tested with amoxicillin); TZB, tazobactam (fixed concentration of 4 mg/ml).

b 50% and 90%, MICs at which 50 and 90%, respectively, are inhibited.

TABLE 3. Molecular characterization of ESBL-producing E. coli
and K. pneumoniae isolates

Patient Isolate SHV TEM Macrorestriction
genotypea

Plasmid
digestion
profileb

b-
Lactamase

pIc

P1 kp1 SHV-2 B ND 7.6
P1 kp2 SHV-2 B ND 7.6
P2 kp3 SHV-2 B ND 7.6
P3 kp4 SHV-2 B ND 7.6
P4 kp5 SHV-5 E e 8.2
P5 kp6 SHV-5 F f 8.2
P6 kp7 SHV-5 G g 8.2
P7 kp8 SHV-5 H h 8.2
P8 kp9 SHV-5 TEM-1 I i 5.4, 8.2
P9 kp10 SHV-2 J j 7.6
P9 kp11 SHV-5 K k 8.2
P10 kp12 SHV-5 TEM-1 L l 5.4, 8.2
P11 ec13 SHV-5 TEM-1 A a 5.4, 8.2
P11 ec14 SHV-5 TEM-1 A c 5.4, 8.2
P12 ec15 SHV-5 TEM-1 C b 5.4, 8.2
P13 ec16 SHV-5 TEM-1 D d 5.4, 8.2

a Macrorestriction genotypes were determined by PFGE after digestion with
XbaI.

b Plasmid digestion profile for tranconjugants digested with PvuII and PstI.
ND, not determined.

c b-Lactamase pIs were determined by isoelectric focusing.
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though the MIC is lower than the standard breakpoint for
resistance, should be screened for a potential ESBL. Resis-
tance should be reported if the strain shows a positive inhibi-
tion test result (32). Since the SHV-5 b-lactamase is generally
classified as a ceftazidimase and hydrolyzes cefotaxime less
efficiently (4), if organisms harboring this enzyme are not
tested according to the guidelines stated above but are tested
only by a cefotaxime disk test, an inability to detect resistance
and treatment failure might ensue (21).

Schiappa et al. (39) found that patients with bacteremia
caused by ESBL-producing E. coli strains were more likely to
survive if they received appropriate treatment within 3 days of
the onset of the infection. A pediatric patient with leukemia
who developed bacteremia caused by a cefotaxime-susceptible
but ceftazidime-resistant E. coli strain died after receiving ce-
fotaxime for less than 1 day (39). In addition, another study
suggested that mortality was significantly lower when a carbap-
enem regimen instead of a noncarbapenem regimen was used
in the first 5 days of bacteremia (35). Delays in the use of
antibiotics effective against ESBL producers may result in de-
layed clearance of bacteremia, as demonstrated in the three
patients (patients 1, 9, and 11) with two episodes of bactere-
mia. For patient 9 the outcome of the second bacteremia
episode was fatal because of mixed ESBL-producing K. pneu-
moniae and Citrobacter freundii infections. Thus, timely iden-
tification of an ESBL producer is important, and policies for
laboratory performance and antimicrobial therapy may need to
be reevaluated to take this into account, especially when the
prevalence of an ESBL producer is increasing in a specific
setting.

Two of nine patients receiving imipenem-containing regi-
mens died within 1 day of septicemia, and three of four pa-
tients receiving noncarbapenem therapy did not die as a result
of bacteremia caused by an ESBL producer. No increased
mortality among patients treated with antibiotics to which
ESBL producers are susceptible was found. However, we can-
not provide a definite suggestion about the appropriate treat-
ment regimen for bacteremia caused by ESBL producers from
the results of this study due to the small number of cases and
the lack of a case-control design. Among the four patients
receiving antibiotics to which ESBL producers are susceptible,
two had catheter-related infections and one had a urinary tract
infection. For the patients with catheter-related bacteremia
caused by ESBL producers, immediate removal of the infected
catheter and the use of an active antimicrobial agent other
than imipenem may still produce a good outcome. Naumovski
et al. (33) reported that seven children with nonbacteremic
urinary tract infections were successfully treated with ceftazi-
dime therapy, and they proposed that a high level of ceftazi-
dime in urine was the reason for successful therapy. Ceftazi-
dime and amikacin therapy for bacteremic urinary tract
infection was shown to be effective for one patient in the study.

Prior administration of any antibiotic and prior ceftazidime
or aztreonam administration were reported to be risk factors
for the acquisition of ESBL-producing organisms (39). Every
patient included in current study had received the standardized
regimen containing an antipseudomonal b-lactam, amikacin,
and cefazolin 3 weeks prior to bacteremia. However, the ret-
rospective nature of this study could not prove definitely that
prior antimicrobial administration was the risk factor. Never-
theless, the finding that 9 of 13 patients developed bacteremia
caused by an ESBL-producing strain while under extended-
spectrum b-lactam therapy argues for the occurrence of selec-
tion pressure.

In conclusion, we report on the clonal spread of ESBL-
producing K. pneumoniae and the identification of E. coli and

K. pneumoniae isolates from blood with transferable resistance
plasmids carrying both extended-spectrum (SHV-5) and re-
stricted-spectrum (TEM-1) b-lactamase genes in a pediatric
oncology ward. SHV-5 was the predominant ESBL detected in
this study. The possibility that the ESBL gene may disseminate
to other members of the family Enterobacteriaceae necessitates
close monitoring of the ESBL producer to prevent such an
occurrence. In a ward with high percentages of ESBL-produc-
ing E. coli and K. pneumoniae isolates, if symptomatic improve-
ment is not seen during empirical treatment with a combina-
tion of an antipseudomonal b-lactam and an aminoglycoside, a
change in the antibiotic treatment regimen to include agents
that are active against ESBL producers, such as imipenem,
should be promptly considered. The new recommendation by
NCCLS to screen for ESBLs in E. coli and K. pneumoniae
isolates should also be strictly enforced to avoid a false desig-
nation of susceptibility to broad-spectrum cephalosporins and
a resulting clinical failure.
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