
M A J O R A R T I C L E

Cefepime vs Other Antibacterial Agents for the
Treatment of Enterobacter Species Bacteremia

Mark J. Siedner,1,3,a Alicia Galar,3,a Belisa B. Guzmán-Suarez,3 David W. Kubiak,3,4 Nour Baghdady,4 Mary Jane Ferraro,1,2

David C. Hooper,1 Thomas F. O’Brien,3 and Francisco M. Marty3

1Division of Infectious Diseases, and 2Department of Pathology, Massachusetts General Hospital, Boston; and 3Division of Infectious Diseases, and
4Department of Pharmacy, Brigham and Women’s Hospital, Boston, Massachusetts

Background. Carbapenems are recommended for treatment of Enterobacter infections with AmpC phenotypes.
Although isolates are typically susceptible to cefepime in vitro, there are few data supporting its clinical efficacy.

Methods. We reviewed all cases of Enterobacter species bacteremia at 2 academic hospitals from 2005 to 2011.
Outcomes of interest were (1) persistent bacteremia ≥1 calendar day and (2) in-hospital mortality. We fit logistic
regression models, adjusting for clinical risk factors and Pitt bacteremia score and performed propensity score anal-
yses to compare the efficacy of cefepime and carbapenems.

Results. Three hundred sixty-eight patients experienced Enterobacter species bacteremia and received at least 1
antimicrobial agent, of whom 52 (14%) died during hospitalization. Median age was 59 years; 19% were neutropenic,
and 22% were in an intensive care unit on the day of bacteremia. Twenty-nine (11%) patients had persistent bacter-
emia for ≥1 day after antibacterial initiation. None of the 36 patients who received single-agent cefepime (0%) had
persistent bacteremia, as opposed to 4 of 16 (25%) of those who received single-agent carbapenem (P < .01). In mul-
tivariable models, there was no association between carbapenem use and persistent bacteremia (adjusted odds ratio
[aOR], 1.52; 95% CI, .58–3.98; P = .39), and a nonsignificant lower odds ratio with cefepime use (aOR, 0.52; 95% CI,
.19–1.40; P = .19). In-hospital mortality was similar for use of cefepime and carbapenems in adjusted regression
models and propensity-score matched analyses.

Conclusions. Cefepime has a similar efficacy as carbapenems for the treatment of Enterobacter species bacter-
emia. Its use should be further explored as a carbapenem-sparing agent in this clinical scenario.
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Antimicrobial resistance among Gram-negative bacilli
(GNR) is a growing worldwide public health threat
[1–4]. Enterobacter spp. infections are particularly
problematic because these pathogens can harbor chro-
mosomally encoded AmpC-type β-lactamases, which
confer resistance to most β-lactamase inhibitors and

can develop resistance during therapy through enzyme
induction and stable derepression [5–8]. Not unexpect-
edly, the resultant delays in initiation of active antimi-
crobial therapy in these infections are associated with
substantially increased mortality [9]. Because of these
concerns, many experts have recommended carbape-
nems as the preferred treatment for resistant GNR
bloodstream infections [4, 10, 11]. On the other hand,
there has been an increased awareness that these bacte-
ria may also exhibit resistance to carbapenems, either
directly from carbapenemase production or through
combinations of other β-lactamases with outer mem-
brane porin changes [12–15],making empirical and iso-
late-specific choices difficult in daily practice.

Cefepime is a poor inducer of and relatively more sta-
ble to the AmpC β-lactamase [6].Moreover, because of its
zwitteronic structure, cefepime rapidly passes through
bacterial cell membranes, thereby enhancing access to
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its enzymatic target [16].In vitro data suggest that cefepime, unlike
other cephalosporins,maintains activity against AmpC-producing
isolates [17]. A recent study using phenotypic testing to identify
AmpC β-lactamases found 96% of AmpC-producing isolates
were susceptible to cefepime in vitro [18]. Moreover, surveillance
data suggest that 80%–90% of Enterobacter spp. bloodstream
infections are susceptible to cefepime (based on European Com-
mittee on Antimicrobial Susceptibility Testing threshold of a cefe-
pime minimum inhibitory concentration [MIC] of ≤1 µg/mL for
susceptible isolates), a rate similar to or higher than that of many
Enterobacteriaceae [19], and that cefepime maintains activity for
ceftazidime-resistant Enterobacter spp. isolates [20].

Yet, human studies of the comparative efficacy of cefepime vs
carbapenems for resistant GNR bacteremia have shown contrast-
ing results [21–24]. Notably, a recent study of patients with ex-
tended-spectrum β-lactamase (ESBL)–producing bacteria found
higher failure andmortality for patients receiving cefepime vs car-
bapenems, especially among those who had isolates with MICs at
the higher end of the susceptible range (eg, 4 or 8 µg/mL), al-
though the number of patients who received cefepime was
small (n = 17) [22]. In contrast, a recent study found no differenc-
es in mortality or length of hospital stay among patients receiving
cefepime or carbapenems specifically for AmpC-producing β-
lactamase enteric GNR blood stream infections [18]. There is a
relative paucity of data on the efficacy of cefepime specifically
for Enterobacter spp. infections, which usually harbor AmpC
and variably harbor plasmid-encoded ESBL-type β-lactamases.
If effective, cefepime might serve an important role as a carbape-
nem-sparing agent in these cases [25].

We sought to assess the comparative efficacy of empiric cefe-
pime vs other antimicrobial agents for the treatment of Enter-
obacter spp. bacteremia during a 6-year period at 2 major
academic hospitals. We hypothesized that cefepime would
have similar efficacy as carbapenems for this indication.

METHODS

Patients and Data Collection
We reviewed microbiology databases at Brigham and Women’s
Hospital and Massachusetts General Hospital, both in Boston,
Massachusetts, between January 2005 and March 2011 for cases
of Enterobacter spp. bacteremia. We included all cases of Enter-
obacter bacteremia that received antibacterial treatment during
hospitalization. We also collected the following data: sex, age,
hospital (Brigham andWomen’s Hospital vs Massachusetts Ge-
neral Hospital), antimicrobial use, dosing and duration, neutro-
penia (absolute neutrophil count <500 cells/μL) at the time of
bacteremia, comorbidities (extracted by International Classifi-
cation of Diseases, Ninth Revision code groups from the corre-
sponding hospital admission), documented source of a second
positive Enterobacter spp. culture, intensive care unit (ICU)

location at time of bacteremia, all data required for Pitt bacter-
emia score calculation (blood pressure, temperature, mental sta-
tus, use of mechanical ventilation, use of vasopressors, and prior
cardiac arrest on the day of bacteremia [26–28]), Enterobacter
species, results of antibiotic susceptibility testing, days to bacter-
emia clearance, and in-hospital mortality. Because antibiotics
were initiated before isolate identification and susceptibility re-
sults, antibiotic selection and dosing was empirical and deter-
mined by ordering providers.

Species Identification and Susceptibility Testing
Species were identified using the Vitek 2 ID-GNB Panel, and
susceptibilities were determined by use of the Vitek system
[29]. We used the Clinical and Laboratory Standards Institute
(CLSI) M100-S22 criteria [30] to determine antibacterial sus-
ceptibility of each isolate, with the following breakpoints: ceftri-
axone MIC≤ 1 μg/mL or Kirby-Bauer disc diameter ≥22 mm;
cefepime MIC ≤ 8 μg/mL or Kirby-Bauer disc diameter ≥18
mm; imipenem or meropenem (to represent carbapenem sus-
ceptibility) MIC ≤ 1 μg/mL or Kirby-Bauer disc diameter
≥23 mm; and ciprofloxacin (to represent quinolone susceptibil-
ity) MIC≤ 1 μg/mL or Kirby-Bauer disc diameter ≥21 mm. We
did not analyze a subset of carbapenem and ceftriaxone sus-
ceptibility data collected before July 2006 because susceptibility
results were recorded with breakpoints that could not be inter-
preted with current CLSI criteria (ie, meropenem MIC≤ 2 or
ceftriaxone MIC≤ 8).

Statistical Analyses
For exposures of interest, we categorized patients by the empiric
antimicrobial agent(s) they received after blood cultures that
grew Enterobacter were obtained. Antimicrobial agents of inter-
est included cefepime, ceftriaxone, ceftazidime, meropenem or
imipenem (hereafter described as carbapenems), ciprofloxacin
or levofloxacin (hereafter described as quinolones), gentamicin,
or other antibacterial agents (used in <5% of the study popula-
tion; included amikacin, amoxicillin/clavulanic acid, ampicillin/
sulbactam, cefoxitin, piperacillin/tazobactam, and tigecycline).
We also created categories for patients who received 2 or 3 an-
tibiotics if the additional agents were initiated within 24 hours
of initiation of the first antibiotic. We selected 2 primary out-
comes of interest: (1) persistent bacteremia ≥1 calendar day
after antibiotic initiation and 2) in-hospital mortality. For clear-
ance of bacteremia analyses, we excluded patients who did not
have confirmatory blood cultures on the day after initiation of
antibiotics, unless they died within 48 hours of antibiotic initi-
ation, in which case they were allocated as having persistent bac-
teremia. We restricted analyses to the first episode of
Enterobacter spp. bacteremia for each patient. For the mortality
outcome, all patients were included independent of subsequent
culture results.
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We summarized patient characteristics and tested for differ-
ences between those with or without persistent bacteremia and
those with and without in-hospital mortality, using χ2 tests for
categorical variables and rank-sum tests for non-normally dis-
tributed continuous variables. To assess for efficacy by antimi-
crobial agent used, we fit univariable and multivariable logistic
regression models, adjusted for demographic (age, sex, and hos-
pital) and clinical characteristics (neutropenia, days between
positive culture and antibiotic initiation, location in the ICU,
and Pitt bacteremia score), separately for both bacterial clear-
ance and mortality outcomes. We fit additional models including
International Classification of Diseases, Ninth Revision–derived
comorbidities that were associated with outcomes of interest in
univariable modeling (ie, prior solid organ transplant in the
persistent bacteremia model and each of hematologic malignan-
cy, cardiac disease, chronic obstructive pulmonary disease, and
chronic renal insufficiency in the mortality models). Because
none of these models appreciably changed the magnitude or
significance of effect sizes for antibiotic use after addition of
Pitt bacteremia score [27, 28], we removed comorbidities from
the final models. We performed all analyses independently for
(1) patients who received only a single antimicrobial agent and
(2) patients who received antimicrobial agents alone or in com-
bination with other agents.

To compare efficacy between cefepime and carbapenems di-
rectly, we performed propensity-matched analyses for both the
persistent bacteremia and mortality outcomes. For each analysis,
we estimated the propensity to receive either a carbapenem or ce-
fepime using the following predictors: age, sex, hospital, neutrope-
nia, duration between positive blood culture and antibiotic
initiation, location in the ICU at the time of bacteremia, and Pitt
bacteremia score. We used nearest-neighbor matching without re-
placement, with a caliper length of 0.20 [31]. We estimated
the absolute risk difference of persistent bacteremia and mortality
by receipt of cefepime vs carbapenem in unmatched analysis
(total cohort) and in subgroups that were restricted to subjects
within a matched propensity pair. We performed these analyses
both for patients who received a single antimicrobial agent and
for those who received single or combination antimicrobial
therapy.

For patients receiving cefepime or carbapenems, we also ex-
amined clearance rates for isolates with ceftriaxone resistance to
serve as a surrogate marker of either ESBL or derepressed
AmpC β-lactamases [6]. For patients at Brigham and Women’s
Hospital, where susceptibility testing for the cephamycins, ce-
foxitin, or cefotetan is routinely performed, we assessed for
rates of bacterial clearance among a subset of isolates with ceph-
amycin resistance (as a surrogate marker of AmpC β-lactamase
production) [6]. Lastly, we performed a subanalysis among
those who received cefepime to determine the impact of cefe-
pime dosing and MIC distribution on bacterial clearance.

Ethics Statement
This study was approved by the Partners Human Research Com-
mittee, which oversees research at both participating hospitals.

RESULTS

Cohort Characteristics
A total of 368 patients experienced Enterobacter spp. bacteremia
at the 2 hospitals during the study period, received at least 1 an-
timicrobial agent before discharge, and were included in our
mortality analyses (Table 1). Of these, 271 had subsequent
blood cultures within 1 calendar day of initiating antimicrobials
and were included in our analyses of clearance of bacteremia.
These patients were 56% male and had a median age of 59
years (interquartile range [IQR], 48–69). At the time of bacter-
emia, 19% were neutropenic and 22% were in an ICU (Table 2).
The cohort included subjects with multiple comorbidities, in-
cluding 39% with a solid organ malignancy, 21% with a hema-
tologic malignancy, and 6% each with a prior solid organ or
hematopoietic stem cell transplant. The median Pitt bacteremia
score was 2 (IQR, 1–3; range, 0–8).

Persistent Bacteremia
Twenty-nine (11%) patients had persistent bacteremia ≥1 cal-
endar day after initiation of antimicrobial agents. Those with
persistent bacteremia were more likely to be in the ICU at the
time of bacteremia (41% vs 19%; P = .01) and to have received
a solid organ transplant (5% vs 18%; P = .001) and were less
likely to have organisms susceptible to ceftriaxone (52% vs
71%; P = .051) or quinolones (62% vs 88%; P < .001). Twenty-
five percent of patients had a documented additional positive
culture source for Enterobacter spp. (Table 1).

Crude rates of persistent bacteremia ≥1 day are reflected in
Table 3 and Figure 1. None of the 36 (0%) subjects who received
cefepime monotherapy had persistent bacteremia beyond 1 day,
compared with 4 of 16 (25%) who received single-agent carba-
penem (P < .01). Among patients who received a single antibac-
terial agent (n = 122), the adjusted odds of persistent bacteremia
(adjusted for sex, age, neutropenia, Pitt bactermia score, comor-
bidities, location in the ICU, days from positive blood culture to
antibiotic initiation, and hospital) were lowest with cefepime
(adjusted odds ratio [aOR], 0) and highest for carbapenems
(aOR, 8.80; 95% confidence interval [CI], 1.00–77.8; P = .05).
When all patients were analyzed (single or combination thera-
py, n = 271), no antimicrobial was associated with statistically
significant odds of bacteremia clearance within 1 day of initia-
tion. Those receiving cefepime had the lowest adjusted odds of
persistent bacteremia (aOR, 0.50; 95% CI, .18–1.35; P = .17),
whereas those receiving carbapenems had the highest odds of
persistent bacteremia (aOR, 1.51; 95% CI, .58–3.96; P = .40).
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Table 1. Patients With Enterobacter spp. Bacteremia During the Period 2005–2011 at 2 Major Hospitals in Boston, Massachusetts

Characteristic
Total Cohort
(n = 368)

Survived Hospitalization
(n = 315)

Died During Hospitalization
(n = 52)

P
Valuea

Clinical characteristics
Male sex, No. (%) 204 (55) 181 (57) 23 (44) .07
Median age, y (IQR) 59 (48–69) 58 (47–69) 63 (54–74) .04
Neutropenic, No. (%) 66 (18) 50 (16) 16 (31) .01
ICU on day of bacteremia, No. (%) 90 (24) 62 (20) 28 (54) <.001

Comorbid medical conditions, No. (%)
Solid organ malignancy 139 (38) 118 (38) 21 (41) .62
Hematologic malignancy 66 (18) 51 (16) 15 (29) .02
Diabetes mellitus 91 (25) 81 (26) 10 (20) .34
Cardiac disease 147 (40) 119 (38) 28 (55) .02
COPD 41 (11) 31 (10) 10 (20) .04
Chronic renal insufficiency 88 (24) 64 (20) 24 (47) <.001
Liver disease 71 (19) 59 (19) 12 (24) .43
Solid organ transplant 18 (5) 15 (5) 3 (6) .74
Hematopoietic stem cell transplant 19 (5) 16 (5) 3 (6) .82

Secondary culture source, No. (%)
Cardiovascular catheter tip 18 (5) 18 (6) 0 (0) .08
Abdominal 15 (4) 11 (3) 4 (8) .16
Respiratory 24 (7) 16 (5) 8 (15) .01
Urinary 27 (7) 24 (8) 3 (6) .64
Blood culture positive only 276 (75) 238 (75) 38 (73) .74

Pitt bacteremia score, No. (%) <.001
0 67 (18) 63 (20) 4 (8)
1–4 262 (71) 232 (73) 30 (58)
5–8 39 (11) 21 (7) 18 (35)

Enterobacter cloacae, No. (%) 288 (28) 242 (77) 46 (88) .06
Massachusetts General Hospital, No. (%) 223 (61) 193 (61) 30 (58) .62
Median days from positive culture to antibiotic
initiation (IQR)

0 (0–1) 0 (0–1) 0 (0–0.5) .01

Persistent bacteremia >1 d, No. (%) 29 (11) 22 (9) 7 (18) .10
Antimicrobial susceptibilityb

Ceftriaxone susceptible (n = 335), No. (%) 227 (68) 207 (72) 20 (41) <.001
Cefepime susceptible (n = 363), No. (%) 351 (97) 303 (97) 48 (92) .04
Carbapenem susceptible (n = 278), No. (%) 263 (95) 223 (95) 40 (93) .62
Quinolone susceptible (n = 364), No. (%) 307 (84) 268 (86) 39 (75) .05

Antimicrobial(s) used, No. (%)
Ceftriaxone 39 (11) 37 (12) 2 (4) .44
Ceftazidime 77 (21) 64 (20) 13 (25) .09
Cefepime 137 (37) 116 (37) 21 (40) .59

Cefepime dose per 24 h .46
<2 g 27 (20) 21 (18) 6 (30)
2–4 g 88 (66) 77 (68) 11 (55)
6 g 19 (14) 16 (14) 3 (15)

Carbapenem 74 (20) 56 (18) 18 (35) .01
Quinolone 168 (46) 147 (47) 21 (40) .40
Gentamicin 53 (14) 48 (15) 5 (10) .29
Any other antibiotic 33 (9) 27 (9) 6 (12) .49
Any 2 antibiotics 201 (55) 172 (55) 29 (56) .88
Any 3 antibiotics 38 (10) 28 (9) 10 (19) .02

Abbreviations: COPD, chronic obstructive pulmonary disease; ICU, intensive care unit; IQR, interquartile range.
a P values are for differences between those who did and did not clear bacteremia within 1 day, calculated with χ2 tests for categorical variables and rank-sum tests
for continuous, non-normally distributed variables.
b Susceptibility testing determined by the Vitek system and classified using Clinical and Laboratory Standards Institute M100-S22 [30].
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Table 2. Patients With Enterobacter spp. Bacteremia and Subsequent Blood Cultures Within 1 Day of Antimicrobial Initiation to Assess
Clearance of Bacteremia

Characteristic
Total Cohort
(n = 271)

Cleared Bacteremia <1 d
(n = 242)

Persistent Bacteremia ≥1 d
(n = 29)

P
Valuea

Clinical characteristics
Male sex, No. (%) 152 (58) 140 (58) 12 (41) .10
Median age, y (IQR) 59 (48–69) 59 (50–69) 58 (44–64) .25
Neutropenic, No. (%) 51 (19) 42 (17) 9 (31) .09
ICU on day of bacteremia, No. (%) 59 (22) 47 (19) 12 (41) .01

Comorbid medical conditions, No. (%)
Solid organ malignancy 105 (39) 95 (40) 10 (36) .59
Hematologic malignancy 56 (21) 52 (22) 4 (14) .36
Diabetes mellitus 67 (25) 63 (26) 4 (14) .17
Cardiac disease 107 (40) 92 (38) 15 (54) .12
COPD 27 (10) 24 (10) 3 (11) .91
Chronic renal insufficiency 64 (24) 56 (23) 8 (29) .54
Liver disease 59 (22) 52 (22) 7 (25) .69
Solid organ transplant 17 (6) 12 (5) 5 (18) .01
Hematopoietic stem cell transplant 16 (6) 16 (7) 0 (0) .16

Secondary culture source, No. (%)
Cardiovascular catheter tip 12 (4) 9 (4) 3 (10) .10
Abdominal 12 (4) 12 (5) 0 (0) .22
Respiratory 15 (6) 13 (5) 2 (7) .73
Urinary 20 (7) 16 (7) 4 (14) .16
Blood culture positive only 205 (76) 185 (76) 20 (69) .38

Pitt bacteremia score, No. (%) .62
0 53 (20) 49 (20) 4 (14)
1–4 198 (73) 176 (73) 22 (76)
5–8 20 (7) 17 (7) 3 (10)

Enterobacter cloacae, No. (%) 212 (78) 188 (78) 24 (83) .53
Massachusetts General Hospital, No. (%) 160 (59) 144 (60) 16 (56) .65
Median days from positive culture to antibiotic
initiation (IQR)

0 (0–1) 0 (0–1) 0 (0–1) .02

In-hospital death, No. (%) 38 (14) 30 (13) 7 (25) .08
Antimicrobial susceptibilityb

Ceftriaxone susceptible (n = 249), No. (%) 172 (69) 159 (71) 13 (52) .051
Cefepime susceptible (n = 267), No. (%) 260 (97) 237 (97) 29 (100) .35
Carbapenem susceptible (n = 203), No. (%) 191 (94) 171 (94) 20 (91) .50
Quinolone susceptible, No. (%) 229 (85) 211 (88) 18 (62) <.001

Antimicrobial(s) used, No. (%)
Ceftriaxone 28 (10) 26 (11) 2 (7) .52
Ceftazidime 61 (23) 54 (22) 7 (24) .82
Cefepime 107 (39) 99 (41) 8 (28) .17

Cefepime dose per 24 h .74
<2 g 22 (21) 21 (22) 1 (13)
2–4 g 66 (63) 60 (62) 6 (75)
6 g 17 (16) 16 (17) 1 (13)

Carbapenem 57 (21) 48 (19) 9 (31) .16
Quinolone 121 (45) 107 (44) 14 (48) .68
Gentamicin 39 (14) 35 (15) 4 (14) .92
Other antibiotic 24 (9) 21 (9) 3 (10) .77
Any 2 antibiotics 149 (55) 132 (55) 17 (59) .68
Any 3 antibiotics 27 (10) 26 (11) 1 (3) .21

Abbreviations: COPD, chronic obstructive pulmonary disease; ICU, intensive care unit; IQR, interquartile range.
a P values are for differences between those who did and did not clear bacteremia within 1 day, calculated with χ2 tests for categorical variables and rank-sum tests
for continuous, non-normally distributed variables.
b Susceptibility testing determined by the Vitek system and classified using Clinical and Laboratory Standards Institute M100-S22 [30].
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In-Hospital Mortality
Crude rates of in-hospital mortality are presented in Table 4.
Among patients receiving a single agent, the lowest rates of
mortality were seen with ceftriaxone (n = 0/5, 0%) and quino-
lones (n = 0/44, 0%), followed by cefepime (n = 7/42, 17%), cef-
tazidime (n = 6/28, 21%), carbapenems (n = 5/19, 26%), and
gentamicin (n = 2/6, 33%). A similar pattern was seen among
patients who received these agents in any combination (alone
or with other agents). Although carbapenem use was associated
with increased mortality in univariable models (aOR, 2.45; 95%
CI, 1.29–4.64; P = .01), in multivariable analyses adjusted for
demographic and clinical characteristics, no agents were statisti-
cally associated with increased mortality. Odds of mortality
were similar among those receiving cefepime (aOR, 1.50; 95%
CI, .73–3.47; P = .25) and those receiving a carbapenem (aOR,
1.82; 95% CI, .82–3.80; P = .11).

Propensity Score Analyses
Results of propensity score–matched analyses are displayed in
Table 5. In constructing propensity scores, we found that, in
the total cohort, patients were more likely to receive a cefepime
vs a carbapenem if they were at Massachusetts General Hospital
(aOR, 12.4; 95% CI, 4.1–37.7) and less likely to receive cefepime
if they were in the ICU at the time of bacteremia (aOR, 0.3; 95%

CI, .1–.9) or had a delay in time to antibiotic initiation (aOR,
0.5; 95% CI, .3–1.0). Whereas in the total cohort subjects
were more likely to clear bacteremia within 24 hours with re-
ceipt of cefepime vs a carbapenem, we found no differences
in efficacy in terms of either persistent bacteremia or in-hospital
mortality in analyses restricted to subjects with a propensity
score–matched pair. There were no differences in bacteremia
clearance among patients receiving cefepime or carbapenems
for those with isolates with cephalosporin resistance. Among
isolates that were resistant to ceftriaxone, 5 of 28 (18%) of
those receiving cefepime and 6 of 32 (19%) of those receiving
a carbapenem had persistent bacteremia. In an analysis restrict-
ed to those with cephamycin resistance, persistent bacteremia
was found in 3 of 20 (15%) of those who received cefepime vs
1 of 9 (11%) of those who received a carbapenem.

MIC and Dosing Analyses
In patients who received cefepime with evaluable MIC results,
only 2 of 74 (3%) patients with an isolate with a cefepime MIC
of ≤2 μg/mL had persistent bacteremia within 24 hours vs 6 of
23 (26%) patients with an MIC ≥ 4 μg/mL (P < .001). Specifi-
cally, the proportion of subjects who received cefepime alone
or in combination with any other antibacterial agents and had
clearance of bacteremia within 1 day by cefepime MIC were 66

Table 3. Odds of Persistent Enterobacter Bacteremia ≥1 Day After Antimicrobial Initiation by Regimen

Antimicrobial Agent
Received

Proportion Persistent
Bacteremia >24 h

Crude Estimate Adjusted Estimate

Crude
Odds Ratio 95% CI P Value

Adjusted
Odds Ratioa 95% CI P Value

Received a single agent
(n = 122)

12/122 (10)

Ceftriaxone 0/3 (0%) 0 N/A N/A 0 N/A N/A

Ceftazidime 2/21 (10%) 0.96 .19–4.73 .96 0.70 .08–5.95 .74

Quinolone 4/32 (12%) 1.46 .41–5.24 .56 3.81 .54–26.80 .18
Gentamicin 1/6 (17%) 1.91 .20–17.84 .57 0.95 .07–13.01 .97

Carbapenem 4/16 (25%) 4.08 1.07–15.62 .04 8.80 1.00–77.79 .05

Cefepime 0/36 (0%) 0 NA NA 0 NA NA
Received alone or
in combination with
other agents (n = 271)

29/271 (11)

Ceftriaxone 2/28 (7%) 0.62 .14–2.74 .52 0.76 .15–3.80 .74
Ceftazidime 7/61 (11%) 1.11 .45–2.73 .82 0.75 .22–2.53 .64

Quinolone 14/121 (12%) 1.18 .54–2.55 .68 1.38 .59–3.24 .46

Gentamicin 4/39 (10%) 0.95 .31–2.88 .92 0.87 .26–2.92 .82
Carbapenem 9/57 (16%) 1.82 .78–4.25 .17 1.51 .58–3.96 .40

Cefepime 8/106 (8%) 0.56 .24–1.31 .18 0.50 .18–1.35 .17

Any 2 agents 17/149 (11%) 1.18 .54–2.58 .68 1.10 .48–2.52 .83
Any 3 agents 1/27 (4%) 0.30 .04–2.27 .24 0.23 .04–1.09 .06

Abbreviations: CI, confidence interval; NA, not applicable.
a Analyses adjusted for age, sex, neutropenia at time of bacteremia, intensive care unit location at time of bacteremia, Pitt bacteremia score, days from positive
culture to antibiotic initiation, and hospital. Reference category for each estimate is all other regimens.
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of 68 (97%) for ≤1 μg/mL, 7 of 7 (100%) for 2 μg/mL, 16 of 21
(76%) for 4 μg/mL, 0 of 1 (0%) for 8 μg/mL, and 1 of 1 (100%)
for >8 μg/mL. Among the 30 participants who received single-
agent cefepime with evaluable MIC results, all 30 (100%)
cleared bacteremia within 1 calendar day with the following
MICs (n = 26 for ≤1 μg/mL; n = 1 for 2 μg/mL; n = 2 for 4
μg/mL; n = 1 for ≥64 μg/mL). Because all patients who re-
ceived single-agent cefepime cleared bacteremia within 24
hours, we were not able to detect an effect of cefepime dosing
on persistence of bacteremia (10 [29%] received <2 grams/24
hours, 20 [57%] received 2–4 grams/24 hours, 5 [14%] re-
ceived 6 grams/24 hours). Of those receiving low dose cefe-
pime (<2 grams/24 hours), the median age was 73 years
(IQR, 60–80), and median creatinine was 2.9 mg/dL (IQR,
1.5–4.1). This is compared with a median creatinine of 1.0
mg/dL (IQR, 0.8–1.5) for those receiving a dose >2 grams/24
hours, suggesting dosing was adjusted for creatinine clearance.
Among those receiving cefepime in combination with other
agents, we did not detect a difference in persistent bacteremia
by cefepime dose received: <2 grams/24 hours (n = 5/26, 5%),
2–4 grams/24 hours (n = 6/65, 9%), 6 grams/24 hours (n = 1/17,
6%; P = .74).

DISCUSSION

During 6 years of observation at 2 major academic hospitals, we
found similar rates of efficacy for use of cefepime vs carbapenems
for the treatment of Enterobacter spp. bacteremia. Although no

antimicrobial agent or class demonstrated statistically signifi-
cantly improved clearance of bacteremia, among those who re-
ceived a single antimicrobial, we found lower crude rates of
persistent bacteremia with cefepime (n = 0/36, 0%) than with
a carbapenem (n = 4/16, 25%). In multivariable analyses adjust-
ed for clinical characteristics, we found that those who received
cefepime were least likely to have persistent bacteremia (aOR,
0.50; P = .19). In both multivariable regression and propensity
score–matched analyses, there were no differences in risk of
in-hospital mortality between patients receiving carbapenems
or cefepime. Importantly, we found similar rates of bacterial
clearance in subsets of patients with Enterobacter spp. isolates
that were resistant to either ceftriaxone or a second-generation
cephamycin, for which cefepime cleared bacteremia at rates of
>85%. These data suggest that cefepime could be considered as
effective as carbapenems for the treatment of Enterobacter spp.
bacteremia. In particular, we would suggest cefepime as an
agent of choice for isolates with an MIC of ≤2 μg/mL because
approximately 97% of patients with such isolates cleared bacter-
emia within 1 day of cefepime initiation.

Our results support prior data that cefepime is effective for
the treatment of Enterobacter spp. infections, based on the
knowledge that these species often have a chromosomally
encoded AmpC-type β-lactamase to which cefepime is relatively
more stable than other cephalosporins [6, 19]. A recent study,
which used phenotypic testing to identify the presence of
AmpC β-lactamases among GNR bacteremia isolates, found
similar outcomes with use of cefepime or carbapenems for

Figure 1. Crude rates of persistent bacteremia ≥1 day and mortality by empiric antibacterial agent among patients with Enterobacter spp. bacteremia.
Data are divided into those who received a single agent and those who received any number of antibacterial agents (overall bacteremia and overall mor-
tality). Numbers within the bars refer to the proportion estimate, and error bars mark the standard error of each estimate.
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mortality and length of hospital stay (n = 64 in the comparative
analysis) [18]. A second study of critically ill patients with En-
terobacter aerogenes blood stream infections (n = 43) found
equivalent rates of bacterial clearance and mortality and re-
duced antibiotic exposure with cefepime vs carbapenem use

[21]. Prior in vitro studies have also supported the activity of
cefepime against these isolates [16, 17].

Our data differ from prior studies that more broadly consider
treatment of bloodstream infections caused by all species of En-
terobacteriaceae, or those with ESBL-type enzymes. For

Table 4. Odds of In-Hospital Mortality by Regimen

Antimicrobial Agent Received
Proportion With
in-Hospital Death

Crude Estimate Adjusted Estimate

Crude
Odds Ratio 95% CI P Value

Adjusted
Odds Ratioa 95% CI P Value

Received a single agent (n = 166) 23/166 (14%)

Ceftriaxone 0/5 (0%) 0 NA NA 0 NA NA
Ceftazidime 6/28 (21%) 1.94 .68–5.47 .21 8.14 1.09–60.93 .04

Quinolone 0/44 (0%) 0 NA NA 0 NA NA

Gentamicin 2/6 (33%) 3.31 .57–19.20 .18 1.28 .10–16.26 .85
Carbapenem 5/19 (26%) 2.56 .82–7.95 .10 1.78 .42–7.53 .44

Cefepime 7/42 (17%) 1.35 .51–3.55 .54 1.71 .42–6.94 .46

Received alone or in
combination with other
agents (n = 368)

52/368 (14%)

Ceftriaxone 2/39 (5%) 0.30 .07–1.28 .11 0.56 .12–2.57 .45
Ceftazidime 13/77 (17%) 1.31 .66–2.59 .44 0.87 .31–2.38 .78

Quinolone 21/168 (13%) 0.77 .43–1.41 .40 0.95 .48–1.86 .87

Gentamicin 5/53 (9%) 0.59 .22–1.56 .29 0.70 .24–2.04 .52
Carbapenem 18/74 (24%) 2.45 1.29–4.64 .01 1.82 .82–3.80 .11

Cefepime 21/136 (15%) 1.18 .65–2.15 .59 1.59 .73–3.47 .25

Any 2 agents 29/201 (14%) 1.05 .58–1.89 .88 1.05 .54–2.03 .89
Any 3 agents 10/38 (26%) 2.44 1.11–5.38 .03 2.37 .97–5.79 .06

Abbreviations: CI, confidence interval; NA, not applicable.
a Analyses adjusted for age, sex, neutropenia at time of bacteremia, Pitt bacteremia score, days from positive culture to antibiotic initiation, and hospital. Reference
category for each estimate is all other regimens.

Table 5. Comparative Efficacy for Cefepime vs Carbapenems for the Treatment of Enterobacter spp. Bacteremia With Both Crude and
Propensity Score–Matched Subgroups

Outcome and Analysis Specification
Proportion With Outcome Among
Those Receiving Carbapenems

Proportion With Outcome Among
Those Receiving Cefepime

Absolute Risk
Difference P Value

Outcome: persistent bacteremia ≥1 d

Single agent
Crude analysis 4/16 (25%) 0/36 (0%) 0.25 .002

Propensity score analysis 2/8 (25%) 0/9 (0%) 0.25 .11

Combination therapy
Crude analysis 8/42 (19%) 7/91 (8%) 0.11 .054

Propensity score analysis 4/26 (15%) 3/28 (11%) 0.04 .61

Outcome: in-hospital mortality
Single agent

Crude analysis 5/19 (26%) 7/42 (17%) 0.10 .38

Propensity score analysis 3/10 (30%) 2/12 (17%) 0.13 .46
Combination therapy

Crude analysis 15/55 (27%) 18/117 (15%) 0.12 .07

Propensity score analysis 8/34 (24%) 5/40 (13%) 0.11 .21

Cefepime for Enterobacter Bacteremia • CID 2014:58 (1 June) • 1561



example, a small retrospective review demonstrated increased
mortality and treatment failure with use of cefepime vs carba-
penems for treatment of bacteremia with phenotypic ESBL-type
Enterobacteriaceae [22]. Other studies have also demonstrated
inferiority of cefepime for ESBL producers [23, 24]. In contrast
with these studies, we found equivalent rates of bacteremia
clearance in those receiving cefepime and carbapenems
among isolates resistant to later-generation cephalosporins.
Our study included more cases treated with cefepime
(n = 136) than prior studies and was restricted to cases of Enter-
obacter spp. infections. The difference between our studies and
prior evaluations of cefepime for Enterobacteriaceae in general
largely suggests key differences due to bacterial species or
β-lactamase type. This hypothesis is supported by the fact
that, although ceftriaxone resistance in Escherichia or Klebsiella
spp. are usually due to plasmid-encoded ESBLs, the same
pattern of resistance in Enterobacter spp. (and other AmpC-
containing species) is more often associated with AmpC over-
expression [6, 19, 32]. Because cefepime is relatively stable to
AmpC, Enterobacter strains are therefore more likely to be sus-
ceptible to cefepime than would be the case for Escherichia coli
or Klebsiella spp. While guidelines and practitioners sometimes
group treatment of multidrug resistant GNR infections [33], the
distinction between resistance patterns for AmpC vs other ESBL
β-lactamases might allow more targeted therapeutic recommen-
dations by species type.

A strength of our study was its relatively large sample size from
2major academic centers with different empiric prescribing prac-
tices. Our use of both microbiologic outcomes (clearance of
bacteremia within 1 day) and clinical outcomes (mortality) aug-
ments the validity of our findings. However, relatively few sub-
jects received a single antibiotic, mitigating our ability to make
definitive pair-wise comparative efficacy conclusions. The data
are also limited by the observational nature of data collection,
which precludes our ability to discount residual confounding in
our analyses. This weakness was demonstrated by our finding of a
nonsignificant increase in mortality among those who received 3
antimicrobials, despite adjustment for age, ICU stay, Pitt bacter-
emia score, and neutropenia. Because both hospitals in our study
were in the same geographic location, our results might not
reflect expected outcomes in areas with different antimicrobial
susceptibility patterns. Finally, although we relied on phenotypic
resistance testing and were unable to verify AmpC β-lactamase
production, phenotypic testing, and particular cefoxitin resis-
tance, has been demonstrated to be a reliable predictor of geno-
typic AmpC β-lactamase production [34, 35].

In summary, in an observational cohort of >300 patients, we
found that cefepime had similar efficacy as carbapenems for the
treatment of Enterobacter spp. bacteremia. Future guidelines
should consider cefepime for treatment of blood-stream
infections with this organism, particularly those with an MIC

≤ 2 μg/mL. Future studies with use of randomization or confir-
matory genotypic testing for AmpC β-lactamases will be useful
to corroborate our findings.
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