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Background and purpose: To compare the antimicrobial activities of ertapenem, ciprofloxacin, ceftriaxone,
piperacillin-tazobactam, and ampicillin-sulbactam against 12 common organisms that cause community-
acquired bacteremia and to identify the most active agents for the treatment of extended-spectrum B-lactamase
(ESBL)—producing Escherichia coli and Klebsiella pneumoniae.

Methods: 1200 blood specimens from patients with community-acquired bacteremia were collected at Chang
Gung Memorial Hospital, Kaohsiung, Taiwan. All isolates were identified by the API system, and each culture’s
antimicrobial susceptibility was determined by the standard disk-diffusion method. The minimal inhibitory
concentrations of the antibiotics were detected by the Epsilimeter test.

Results: The in vitro susceptibilities of 11 of the 12 common pathogens to ertapenem were 100%. The
frequency of ESBL-producing E. coli and K. pneumoniae was 6.2% and 9.5%, respectively. Only 48% and 50%
of E. coli and K. pneumoniae, respectively, were susceptible to ciprofloxacin. These data infer that ciprofloxacin
should not be given for ESBL-producing E. coli and K. pneumoniae. Ceftriaxone and piperacillin-tazobactam
had high activity against the most common pathogens isolated.

Conclusions: ESBL E. coli and K. pneumoniae are highly resistant to ciprofloxacin, so this antibiotic should
be avoided for patients with community-acquired bacteremia. ESBL E. coli and K. pneumoniae are highly
susceptible to ertapenem.
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Introduction

Community-acquired bacteremia is a serious conse-
quence of localized infections, which may originate
from the urinary tract, gastrointestinal tract, respira-
tory tract, surgical sites, and indwelling catheters.
Community-acquired bacteremia is responsible for
approximately 7 to 12/1000 hospital admissions in the
United States [1]. The incidence is 0.2/1000 in children
and 26/1000 in patients older than 85 years [1]. In the
early 1960s, Gram-negative bacteria were identified as
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the predominant cause of septic shock [2]. However,
there has been a shift in the etiology of nosocomial in-
fections, with an increased frequency of Gram-positive
bacteria [3]. Staphylococci, streptococci, Escherichia
coli, and enterococci remain the most commonly
isolated pathogens in community-acquired bacteremia.
Treatment with inappropriate empiric antibiotics is
associated with a higher mortality rate [4].
Ampicillin-sulbactam, ceftriaxone, piperacillin-
tazobactam, ciprofloxacin, and ertapenem have been
used against community-acquired bacteremia at the
Chang Gung Memorial Hospital, Kaohsiung, Taiwan.
This study was conducted to compare the antimicro-
bial activities of ertapenem with ampicillin-sulbactam,
ceftriaxone, piperacillin-tazobactam, and ciprofloxacin
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against 12 common organisms that cause community-
acquired bacteremia, including extended-spectrum
B-lactamase (ESBL)—producing E. coli and Klebsiella
pneumoniae.

Methods

1200 clinical isolates were cultured from blood
specimens obtained from patients with community-
acquired bacteremia during a 2-year period from Janu-
ary 2005 to December 2006. The patients had been
admitted to the Chang Gung Memorial Hospital, a ter-
tiary care medical center in Kaohsiung, Taiwan. The
first 50 isolates from patients with community-aquired
bacteremia were collected each month to ascertain the
normal seasonal distribution. Permission for the study
from the Institutional Review Board of Chang Gung
Memorial Hospital was obtained.

To exclude nosocomial infections, community-
acquired bacteremia was defined as clinical infection
with positive blood culture within 48 h of admission
and no hospital admission within the previous 3 months.
There were 2 species of Gram-positive organisms and
37 species of Gram-negative bacteria isolated. All
pathogens were identified by the API system. Bacterial
strains that were cultured from at least 25 isolates includ-
ed 2 Gram-positive cocci and 12 Gram-negative bacilli.
The antimicrobial susceptibility of these isolates was
investigated in vitro by the standard disk-diffusion meth-
od, as described by the Clinical and Laboratory Stand-
ards Institute (CLSI) [5]. Susceptibility and resistance
were based on CLSI breakpoints [5]. ESBL production
was suspected if the inhibition zone of ceftriaxone was
<25 mm or of ceftazidime was <22 mm by disk-diffu-
sion susceptibility test. The isolates were subjected to

cefotaxime 30 g, cefotaxime-clavulanate 30/10 ug,
ceftazidime 30 pg, and ceftazidime-clavulanate 30/10 pg
disk testing. An increase of >5 mm in the diameter of
the inhibition zone when either of the oxyminocephalo-
sporins were combined with clavulanate was considered
evidence of ESBL production [6]. The reference strains
were E. coli American Type Culture Collection (ATCC)
25922 and K. pneumoniae ATCC 700603.

The minimal inhibitory concentrations (MICs) of
the antibiotics were detected by Epsilimeter test (E-
test). The E-test strips of the 5 antibiotics, ertapenem,
ciprofloxacin, ceftriaxone, piperacillin-tazobactam,
and ampicillin-sulbactam, were supplied by AB Bio-
disk (Solna, Sweden).

Results

1200 patients had bloodstream infections. Ninety three
percent of the isolates (1119/1200) were Gram-negative
bacilli. The most common pathogen was E. coli, which
accounted for 35.3% of the strains (n = 423). The
second most common pathogen was K. pneumoniae,
which accounted for 20.8% of strains (n = 249). ESBL
strains of E. coli and K. pneumoniae occurred at a rate
of 6.2% (n = 28) and 9.5% (n = 26), respectively.

Table 1 shows the in vitro activities of the 5 anti-
biotics against Gram-positive bacteria. Streptococcus
pneumoniae were 100% susceptible to ertapenem,
piperacillin-tazobactam, and ampicillin-sulbactam.
Based on the concentrations for inhibition of 50%
(MIC,;) and 90% (MIC,,) of the isolates, ertapenem
had the most potent activity. In comparison, the
susceptibility of S. pneumoniae to ceftriaxone and
ciprofloxacin was 74%. Streptococcus pyogenes were
also 100% susceptible to ertapenem, ceftriaxone,

Table 1. Comparative in vitro activities of ertapenem, ciprofloxacin, ceftriaxone, piperacillin-tazobactam, and ampicillin-
sulbactam against Gram-positive pathogens from patients with bloodstream infection.

Minimal inhibitory concentrations (mg/L)

Organism (no. of isolates) Antibiotic
50% 90% Range Susceptibility (%)

Streptococcus pneumoniae (53) Ertapenem 0.190 0.500 0.006-1.000 100
Ciprofloxacin 1.000 2.000 0.380->32 74
Ceftriaxone 0.750 1.500 0.016-2.000 74
Piperacillin-tazobactam 1.000 3.000 <0.016-4.000 100
Ampicillin-sulbactam 0.500 2.000 <0.016-4.000 100

Streptococcus pyogenes (28) Ertapenem 0.008 0.016 0.006-0.032 100
Ciprofloxacin 0.500 1.000 0.380-4.000 93
Ceftriaxone 0.047 0.094 0.023-0.250 100
Piperacillin-tazobactam 0.094 0.125 0.047-0.380 100
Ampicillin-sulbactam 0.032 0.064 0.016-0.500 100
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piperacillin-tazobactam, and ampicillin-sulbactam,
and 93% susceptible to ciprofloxacin.

For community-acquired Gram-negative bacter-
emia, the susceptibility of Aeromonas hydrophila to
ciprofloxacin, ertapenem, and ceftriaxone was 92%,
88%, and 88%, respectively. The susceptibility of
community-acquired E. coli ranged from 100% for
ertapenem to 77% for ampicillin-sulbactam. The
ESBL phenotype was detected in 6.2% of 451 E. coli
isolates. E. coli, including the ESBL strain, was highly
susceptible to ertapenem (100%) and piperacillin-
tazobactam (90%). More than 90% of E. coli were
susceptible to ceftriaxone (93%) and piperacillin-
tazobactam (98%). Only 48% of ESBL strains were
susceptible to ciprofloxacin. Similar results were
noted for K. pneumoniae (Table 2). The ESBL strain
was detected in 9.5% of 275 K. pneumoniae isolates.
Ciprofloxacin was active in vitro against only 50% of
ESBL-producing K. pneumoniae.

Ertapenem and ciprofloxacin were all active
against Enterobacter cloacae. The susceptibilities
of Morganella morganii to ertapenem, piperacillin-
tazobactam, ceftriaxone, and ciprofloxacin were
100%, 97%, 95%, and 92%, respectively. Ertapenem
and piperacillin-tazobactam exhibited excellent anti-
microbial activity against Proteus mirabilis (100%).
Salmonella enterica serogroup B were highly suscep-
tible to 4 of the 5 antibiotics, excluding ampicillin-
sulbactam. All 5 antibiotics were 100% active against
S. enterica serogroup D (Table 2).

Table 3 shows the geometric mean MICs of the 5
antibiotics against the 12 pathogens. The geometric
mean MIC values of ertapenem against 11 of the 12
pathogens were lower than for the other 4 antibiot-
ics, especially for ESBL-producing E. coli and K.
pneumoniae. The geometric mean MIC values of
ciprofloxacin against ESBL-producing E. coli and K.
pneumoniae and S. pneumoniae were 8- to 50-fold
higher than those for the other organisms. Ceftriaxone
had high geometric mean MIC values against the
ESBL-producing strains. Piperacillin-tazobactam was
not active against A. hydrophila, E. cloacae, and the
ESBL-producing E. coli and K. pneumoniae according
to the geometric mean MIC values.

Discussion
Ciprofloxacin showed excellent in vitro activity
against a wide range of Gram-negative bacteria such

as Enterobacteriaceae, Haemophilus influenzae,

© 2009 Journal of Microbiology, Immunology and Infection

Hwang et al

Neisseria gonorrhoeae, Neisseria meningitidis, and
Moraxella catarrhalis. Ciprofloxacin also exhibited in
vitro activity against methicillin-susceptible Staphy-
lococcus aureus and Staphylococcus epidermidis, but
was less active against streptococcal species, including
S. pyogenes, S. pneumoniae, and viridans streptococci
[7-9]. Similarly, the results of this study showed that,
overall, ciprofloxacin sensitivity was 74% for S. pneu-
moniae (MICs, 1.0 mg/L) and 93% for S. pyogenes
(MICs,, 0.5 mg/L). The newer quinolones, moxi-
floxacin, levofloxacin, and gatifloxacin have exhibited
more potent activity against streptococcal species than
ciprofloxacin [10]. Ertapenem, a parenteral broad-
spectrum 1-B-methyl-carbapenem, has exhibited
potent in vitro activity against many common aerobic
and anaerobic Gram-positive and Gram-negative
bacteria. The in vitro activity of ertapenem against En-
terobacteriaceae carrying plasmid- or chromosomal-
mediated B-lactamases, including AmpC-and ESBLs,
was clinically significant [11-15]. Ertapenem also had
excellent in vitro activity against S. pneumoniae and
S. pyogenes [16] with MIC,, values for 90% of strains
tested of 0.5 mg/L and 0.016 mg/L, respectively.

Enterobacteriaceae, especially E. coli and
K. pneumoniae, are major community and nosocomial
pathogens. ESBL-producing E. coli and K. pneumoniae
were first described in 1983 and 1987, respectively
[17,18]. Ciprofloxacin-resistant strains of E. coli and
K. pneumoniae have been more frequently detected
in patients with bacteremia, which correlates with
an upward trend of quinolone treatment in the com-
munity and in hospitals [19-21]. The susceptibility
rates of ESBL-producing E. coli and K. pneumoniae
to ciprofloxacin in this study were 48% and 50%,
respectively. Ciprofloxacin resistance emerged in
E. coli and K. pneumoniae contingent on multiple
mutations that diminish the affinity of its topoisomerase
IT and IV targets, reduce permeability, and upregulate
efflux [22]. Plasmid-mediated resistance has also been
reported [23]. In contrast, ertapenem has demonstrated
high stability against nearly all B-lactamases, including
ESBLs and AmpC [24], with the exception of metallo-
B-lactamases. Ertapenem may be an alternative to other
carbapenems for the treatment of ESBL-producing
E. coli and K. pneumoniae infections [25].

M. morganii was highly sensitive to ertapenem,
with an MIC,, of 0.125 mg/L, and mildly resistant
to piperacillin-tazobactam, ceftriaxone, and cipro-
floxacin. The high susceptibility rate of M. morganii
to ceftriaxone (95%) inferred that the prevalence of
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Table 2. Comparative in vitro activities of ertapenem, ciprofloxacin, ceftriaxone, piperacillin-tazobactam, and ampicillin-
sulbactam against Gram-negative pathogens from patients with bloodstream infection.

Minimal inhibitory concentrations (mg/L)

Organism (no. of isolates) Antibiotic
50% 90% Range Susceptibility (%)
Aeromonas hydrophila (26) Ertapenem 0.500 6.000 0.125->32.000 88
Ciprofloxacin 0.012 0.750 0.004-4.000 92
Ceftriaxone 1.500 8.000 0.064->256.000 88
Piperacillin-tazobactam 12.000 >256.000 1.000->256.000 50
Ampicillin-sulbactam >256.000 >256.000 >256.000 0
Escherichia coli Ertapenem 0.080 0.023 0.004-0.750 100
(non-ESBL) [423] Ciprofloxacin 0.064 >32.000 0.003->32.000 86
Ceftriaxone 0.064 0.190 <0.016->256.000 93
Piperacillin-tazobactam 1.500 3.000 0.032->256.000 98
Ampicillin-sulbactam 6.000 24.000 0.38->256.000 77
E. coli (ESBL) [28] Ertapenem 0.932 0.380 0.012-2.000 100
Ciprofloxacin >32.000 >32.000 0.008->32.000 48
Ceftriaxone >256.000 >256.000 4.000->256.000 0
Piperacillin-tazobactam 2.000 16.000 1.000->256.000 90
Ampicillin-sulbactam 24.000 128.000 6.000->256.000 8
Enterobacter cloacae (36) Ertapenem 0.094 0.750 0.023-1.500 100
Ciprofloxacin 0.023 0.190 0.008-1.000 100
Ceftriaxone 0.250 64.000 0.094->256.000 89
Piperacillin-tazobactam 2.000 32.000 0.500->256.000 87
Ampicillin-sulbactam 24.000 >256.000 3.000->256.000 28
Klebsiella pneumoniae Ertapenem 0.012 0.016 0.006-1.500 100
(non-ESBL) [249] Ciprofloxacin 0.032 0.094 0.004->32.000 96
Ceftriaxone 0.064 0.094 <0.016->256.000 99
Piperacillin-tazobactam 2.000 3.000 0.094->256.000 99
Ampicillin-sulbactam 4.000 12.000 1.000->256.000 90
K. pneumoniae (ESBL) [26] Ertapenem 0.094 0.500 0.012-1.500 100
Ciprofloxacin 0.380 >32.000 0.016->32.000 50
Ceftriaxone >256.000 >256.000 0.094->256.000 0
Piperacillin-tazobactam 6.000 >256.000 0.75->256.000 73
Ampicillin-sulbactam 32.000 >256.000 1.5->256.000 12
Morganella morganii (34) Ertapenem 0.032 0.125 0.012-0.250 100
Ciprofloxacin 0.023 1.000 0.004->32.000 92
Ceftriaxone 0.023 2.000 <0.016->256.000 95
Piperacillin-tazobactam 0.500 1.500 0.125-24.000 97
Ampicillin-sulbactam 16.000 48.000 0.25->256.000 27
Proteus mirabilis (75) Ertapenem 0.023 0.047 0.004-0.230 100
Ciprofloxacin 0.125 16.000 0.008->32.000 83
Ceftriaxone 0.016 0.064 <0.016->256.000 92
Piperacillin-tazobactam 0.500 1.500 0.125-8.000 100
Ampicillin-sulbactam 3.000 16.000 0.190->256.000 80
Salmonella enterica Ertapenem 0.012 0.016 0.008-0.023 100
serogroup B (29) Ciprofloxacin 0.016 0.125 0.008-0.750 100
Ceftriaxone 0.094 0.094 0.047-0.190 100
Piperacillin-tazobactam 2.000 4.000 1.500-4.000 100
Ampicillin-sulbactam 1.500 32.000 0.75-64.000 66
S. enterica Ertapenem 0.012 0.016 0.006-0.047 100
serogroup D (25) Ciprofloxacin 0.023 0.200 0.008-0.200 100
Ceftriaxone 0.094 0.125 0.047-0.380 100
Piperacillin-tazobactam 2.000 3.000 0.750-4.000 100
Ampicillin-sulbactam 1.500 2.000 0.500-4.000 100

Abbreviation: ESBL = extended-spectrum p-lactamase.
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Table 3. Geometric mean minimal inhibitory concentrations of ertapenem, ciprofloxacin, ceftriaxone, piperacillin-tazobactam,
and ampicillin-sulbactam against pathogens from patients with bloodstream infections.

Geometric mean minimal inhibitory concentrations (mg/L)

Organism (no. of isolates)

Ertapenem Ciprofloxacin Ceftriaxone Piperacillin- Ampicillin-

tazobactam sulbactam
Streptococcus pneumoniae (53) 0.092 1.099 0.324 0.446 0.327
Streptococcus pyogenes (28) 0.009 0.638 0.051 0.087 0.033
Aeromonas hydrophila (26) 0.908 0.046 1.980 19.205 >256.000
Escherichia coli (non-ESBL) [423] 0.011 0.118 0.102 1.544 6.872
E. coli (ESBL) [28] 0.059 1.882 179.924 3.500 27.314
Enterobacter cloacae (36) 0.104 0.033 0.859 3.729 29.652
Klebsiella pneumoniae (non-ESBL) [249] 0.046 0.046 0.080 2.337 4.618
K. pneumoniae (ESBL) [26] 0.095 0.885 82.850 10.402 37.400
Morganella morganii (34) 0.032 0.070 0.065 0.567 15.707
Proteus mirabilis (75) 0.023 0.205 0.070 0.542 3.279
Salmonella enterica serogroup B (29) 0.011 0.025 0.008 2.246 3.652
S. enterica serogroup D (25) 0.012 0.023 0.093 2.064 1.507

Abbreviation: ESBL = extended-spectrum B-lactamase.

ESBL was low or none. Similarly, P. mirabilis was
sensitive (92%) to ceftriaxone, which suggested a
low prevalence of ESBL. However, ESBL production
should continue to be monitored closely in view of the
frequent multiple resistances found among P. mirabilis
and M. morganii [26].

S. enterica, including serogroup B and D, was
highly susceptible to ertapenem, ciprofloxacin, ceftri-
axone, and piperacillin-tazobactam with low MIC,,
values. The MICs of the antibiotics against pathogens
from patients with bacteremia in this study may differ
from other reports [27]; ESBL production may play
a major role in resistance. The ESBL phenotype was
detected in 6.2% of E. coli isolates, which was lower
than the rate reported in Northern Taiwan (10.5%) [28]
and in 9.5% of K. pneumoniae isolates, which was
lower than previously reported (28.4%) [29].

In conclusion, ertapenem demonstrated high anti-
microbial activity against major bloodstream pathogens,
especially ESBL-producing E. coli and K. pneumoniae.
In contrast, ciprofloxacin required high MIC,, values
(>32 mg/L) for susceptibility rates of ESBL-producing
E. coli and K. pneumoniae of 48% and 50%, respectively.
Thus, carbapenems, including ertapenem, are the drug of
choice for the empirical treatment of bacteremia caused
by ESBL-producing E. coli and K. pneumoniae. Antimi-
crobial resistance among bloodstream pathogens should
be monitored continuously.
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