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Carbapenems are considered the treatment of choice for extended-spectrum pS-lactamase (ESBL)-
or AmpC pB-lactamase-producing Enterobacteriaceae bacteraemia. Data on the effectiveness of non-
intravenous carbapenem-sparing antibiotic options are limited. This study compared the 30-day mortality
and clinical failure associated with the use of carbapenems versus alternative non-intravenous antibiotics
for the definitive treatment of ESBL/AmpC-positive Enterobacteriaceae bacteraemia. This 12-year retro-
spective study (2004-2015) included all patients with bacteraemia due to ESBL/AmpC-producing Enter-
obacteriaceae at a Spanish hospital. Given the lack of randomisation of initial therapies, a propensity
score for receiving carbapenems was calculated. There were 1115 patients with a first episode of bac-
teraemia due to Escherichia coli or Klebsiella pneumoniae, of which 123 (11.0%) were ESBL/AmpC-positive.
There were 101 eligible patients: 59 in the carbapenem group and 42 in the alternative treatment group
(trimethoprim/sulfamethoxazole 59.5%, quinolones 21.4%). The most frequent sources of infection were
urinary (63%) and biliary (15%). Compared with the carbapenem group, patients treated with an alter-
native regimen had a shorter hospital stay [median (IQR) 7 (5-10) days vs. 12 (9-18) days; P < 0.001].
Use of an alternative non-intravenous therapy did not increase mortality (OR=0.27, 95% CI 0.05-1.61;
P=0.15). After controlling for confounding factors with the propensity score, the adjusted OR of car-
bapenem treatment was 4.95 (95% CI 0.94-26.01; P=0.059). Alternative non-intravenous carbapenem-
sparing antibiotics could have a role in the definitive treatment of ESBL/AmpC-positive Enterobacteriaceae
bacteraemia, allowing a reduction in carbapenem use. Use of trimethoprim/sulfamethoxazole in this se-
ries showed favourable results.

© 2019 Elsevier B.V. and International Society of Chemotherapy. All rights reserved.

1. Introduction

“ Part of these data were presented at the 55th Interscience Conference on Extended-spectrum B-lactamase (ESBL)- or AmpC B-lactamase-
Antimicrobial Agents and Chemotherapy (ICAAC)/28th International Congress of producing Enterobacteriaceae have been increasingly implicated
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in healthcare- and community-associated bacteraemia [1]. Effec-
tive treatment of ESBL or AmpC bacteraemia has become a major
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challenge owing to frequent resistance to various antimicrobial
agents as well as the existence of mechanisms of co-resistance in
this setting [2]. At present, carbapenems are the safest treatment
for ESBL bacteraemia [3,4]. However, increasing carbapenem resis-
tance among Enterobacteriaceae as well as in other bacteria calls
for a more judicious approach to carbapenem use [5,6].

Previous studies on empirical or definitive treatment of ESBL
Enterobacteriaceae bacteraemia with p-lactam/g-lactamase in-
hibitor (BL/BLI) combinations are contradictory [3,4,7-9]. These
discrepant results may be due to differences in the source of infec-
tion, the genetic background of the causative micro-organism and
local epidemiology [10].

Although several studies support the non-inferiority of BL/BLIs
compared with carbapenems for definitive treatment in the setting
of ESBL Enterobacteriaceae (Escherichia coli or Klebsiella pneumo-
niae) bacteraemia [11-14], a recent study [4]| with several method-
ological criticisms [15] has sown fresh doubt regarding the safest
option. Nevertheless, studies on non-carbapenem options for stew-
ardship strategies are required to identify safe and effective thera-
pies that limit carbapenem exposure [6].

Data regarding the usefulness of carbapenem-sparing antibi-
otics other than BL/BLIs for definitive treatment have also been
reported, still with an intravenous (i.v.) regimen [16-18]. The ef-
fectiveness of non-i.v. (oral or intramuscular) antibiotic treatment
for the management of ESBL or AmpC bacteraemia has not been
widely assessed to date [3,19].

At our co-operative non-profit private hospital, patients with
ESBL or AmpC Enterobacteriaceae bacteraemia frequently undergo
definitive treatment with an orally administered antimicrobial
agent. This hospital encourages close follow-up of patients, who
may re-contact their doctor directly by telephone if fever or other
signs of possible infection appear after discharge.

The aim of this study was to compare the 30-day mortal-
ity and clinical failure in two groups of patients, i.e. those re-
ceiving carbapenems versus an alternative therapy based on a
non-i.v. carbapenem-sparing antibiotic regimen, for the defini-
tive treatment of ESBL- or AmpC-positive Enterobacteriaceae
bacteraemia.

2. Methods
2.1. Study design, setting and participants

This 12-year retrospective study (January 2004 to Decem-
ber 2015) was conducted at a 250-bed tertiary general hospital
in Barcelona, Spain. Patients aged >15 years with community-
acquired or healthcare-associated bacteraemia due to ESBL- or
AmpC-producing Enterobacteriaceae were included. Patients who
died in the first 72 h or those without 1-month follow-up were ex-
cluded. If patients experienced more than one bacteraemic episode,
only the first episode was included. The prescribed antibiotic
was recorded in each case, as selected by the patient’s attend-
ing physician. All episodes were identified from the electronic mi-
crobiological database. Patients’ clinical information was collected
from electronic clinical charts and the electronic pharmacological
database. Follow-up was performed by either the electronic clini-
cal charts or by telephone if the patient had been discharged. This
study was approved by the institutional review board for clinical
trials.

2.2. Study endpoints

The primary outcome measure was the 30-day mortality rate.
Secondary outcomes were clinical failure within 30 days of bacter-
aemia onset and hospital length of stay (LOS).

2.3. Variables and definitions

Bacteraemia was defined as the isolation of a micro-organism
in one or more separately obtained blood cultures with compat-
ible clinical features. Cases of bacteraemia were categorised as
nosocomial, healthcare-associated or community-acquired in ac-
cordance with the criteria of Friedman et al. [20]. Infection sources
were defined as urinary tract, biliary tract, incisional wound,
soft tissue, catheter-related or primary bloodstream infection in
accordance with US Centres for Disease Control and Prevention
(CDC) guidelines [21]. The following patients were considered
immunocompromised: those receiving corticosteroids at a dose
of >20 mg prednisone or equivalent for >2 weeks; those with
neutropenia (absolute neutrophil count <500/mm?3); or those
receiving anticancer chemotherapy in the previous 6 months.
Chronic kidney disease (CKD) was defined and staged according
to the Kidney Disease: Improving Global Outcomes (KDIGO) def-
inition and classification [22]. The Charlson comorbidity index
was defined as previously described by Charlson et al. [23]. The
severity of bacteraemia on the day of onset was graded using the
Pitt bacteraemia score [24]. Source control was defined as any
kind of intervention apart from antibiotic treatment applied to
solve the infection, such as surgical treatment, abscess drainage or
catheter withdrawal. Sepsis or septic shock was defined according
to current definitions based on Sequential [Sepsis-related] Organ
Failure Assessment (SOFA) criteria [25].

Antimicrobial therapy was regarded as empirical if administered
before the susceptibility test results were available. Modification of
treatment was defined as a change to an active antibiotic after the
culture result became available in accordance with the pathogen’s
in vitro susceptibility pattern. Definitive therapy was defined as an
active antibiotic administered for >50% of the total duration of an-
timicrobial therapy after the antibiogram result [7]. Treatment was
defined as appropriate when an active antimicrobial agent, deter-
mined by in vitro antimicrobial susceptibility testing, was adminis-
tered at the usual recommended dose. Clinical failure was defined
as persistence of bacteraemia (i.e. positive blood culture for the
same Enterobacteriaceae after 72 h of active antibiotic treatment
by in vitro susceptibility), persistence of fever or sepsis (also af-
ter 72 h), death, or relapse during a 30-day follow-up defined as
positive blood culture for the same micro-organism (after a pre-
vious negative result). Hospital LOS was defined as the time from
the first positive blood culture to discharge.

2.4. Microbiological analysis

Microbiological identification and antimicrobial susceptibility
testing were carried out using a MicroScan WalkAway system
(Beckman Coulter, Inc., Brea, CA). The presence of ESBL and/or
AmpC B-lactamase was screened in all isolates with reduced sus-
ceptibility to cephalosporins by MicroScan system and was con-
firmed by double-disk synergy test, combination disk test, gradi-
ent test method or molecular characterisation by PCR according
to Clinical and Laboratory Standards Institute (CLSI) and European
Committee on Antimicrobial Susceptibility Testing (EUCAST) guide-
lines. The B-lactams used for confirmation, testing their synergis-
tic effect with amoxicillin/clavulanic acid (AMC) were ceftazidime,
cefotaxime and aztreonam. All samples were analysed using the
same confirmation procedure.

During the period 2004-2006, in vitro susceptibility tests were
interpreted based on CLSI breakpoints [26] and during 2007-2015
based on the EUCAST breakpoints [27].

During the study period, the microbiology department at our
hospital did not have access to PCR for the distinction of the
type of AmpC P-lactamase encoded by E. coli strains (either
chromosomal or plasmidic). Given that this distinction could be a
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ESBL- E. coli bacteraemia

1309
Patients with a first episode of
bacteraemia due to
Enterobacteriaceae
1115 979 E. coli
bacteraemia due to E. coli or K. 127 K. pneumoniae
pneumoniae 9 E. coli + K. pneumoniae
123 22 cases excluded.

ESBL/AmpC- K. pneumoniae or

Death in the first 72 h: 11 pt
Incomplete follow up: 9 pt
Treatment with an “in vitro” resistant
antibiotic: 2 pt

101

ESBL- E. coli bacteraemia
included

ESBL/AmpC- K. pneumoniae or

59 in the carbapenem group

42 in the alternative non-IV treatment group

Fig. 1. Flow chart of patient (pt) selection for the study. ESBL, extended-spectrum jB-lactamase; IV, intravenous.

possible confounder in the clinical prognosis, all AmpC-producing
E. coli were excluded. However, all plasmidic AmpC-producing K.
pneumoniae were included.

2.5. Statistical analysis

Quantitative variables were expressed as the median and in-
terquartile range (IQR), and categorical variables were reported as
absolute number and percentage. To detect significant differences
between groups, the x2 test or Fisher's exact test for categori-
cal variables and the Student’s t-test or Mann-Whitney U-test for
continuous variables were used, as appropriate. Independent pre-
dictors of 30-day mortality were identified by logistic regression
analysis.

Given the lack of randomisation of the initial therapies, a
propensity score for receiving carbapenems was estimated using
a backward stepwise logistic regression model that included vari-
ables with a P-value of <0.25 in the univariate analysis as well as
other variables considered relevant in deciding the empirical treat-
ment. The following variables were included: age; sex; Pitt bac-
teraemia score; active cancer; CKD; source of bloodstream infec-
tion; empirical treatment (as appropriate or not); and time without
effective treatment. An inverse probability of treatment weighting
(IPTW) logistic regression using the propensity score was fitted to
estimate the risk of mortality due to carbapenem administration.
The weights to the propensity score were finally obtained after fit-
ting a logistic regression model for use of carbapenem as outcome.
The model obtained had an area under the receiver operating char-
acteristic curve (AUC) of 0.77. Once the IPTW was obtained, a uni-
variate weighted logistic regression with mortality as outcome was
fitted to obtain the effect of carbapenem administration.

Statistical analysis was performed using SPSS Statistics for Win-
dows v.17.0 (SPSS Inc., Chicago, IL) and STATA 13.1 (StataCorp LP,
College Station, TX).

3. Results
3.1. Main results

During the study period (2004-2015), there were 1309 patients
with a first episode of bacteraemia due to Enterobacteriaceae. Of
these, 1115 were due to E. coli or K. pneumoniae, of which 123
(11.0%) were ESBL or AmpC-positive. Of the 123 patients, 22 were
excluded (Fig. 1), resulting in a final cohort of 101 patients who
were grouped according to type of treatment, including 59 in the
carbapenem group and 42 in the alternative non-i.v. treatment
group [25 trimethoprim/sulfamethoxazole (SXT), 9 quinolones, 5
aminoglycosides, 2 fosfomycin and 1 AMC].

The in vitro susceptibility rate for various antibiotics for
ESBL/AmpC-producing strains was as follows: carbapenems, 100%;
aminoglycosides, 76%; piperacillin/tazobactam, 59%; SXT, 38%;
AMC, 27%; and quinolones 14%.

The most frequent infection sources were urinary (63%), biliary
(15%) and unknown source (8%), followed by catheter-related (6%),
intra-abdominal (5%), surgical wound/soft tissues (2%) and pros-
thetic joint infection (1%). The clinical and demographic charac-
teristics of each group are shown in Table 1. There were no dif-
ferences between groups (carbapenem versus alternative therapy)
in terms of age, co-morbidities, infection source, severity of un-
derlying disease, and duration of empirical or definitive treatment.
Compared with the carbapenem group, patients treated with an al-
ternative regimen had a lower median Pitt bacteraemia score.
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Table 1

Characteristics of patients with bloodstream infection (BSI) caused by extended-spectrum A-lactamase (ESBL)- or AmpC S-
lactamase-producing Enterobacteriaceae according to definitive therapy®.

Characteristic Definitive treatment P-value
Carbapenem (n=59)  Alternative treatment (n=42)
Age (years) [median (IQR)] 79 (70-86) 72 (66-84) 0.27
Male sex 34 (58) 28 (67) 0.36
Co-morbidities
Diabetes mellitus 11 (19) 7 (17) 0.80
Chronic kidney disease 24 (41) 11 (26) 0.13
Immunosuppression 6 (10) 5(12) 1.00
Cancer 11 (19) 13 (31) 0.15
Charlson comorbidity index [median (IQR)] 4 (3-6) 4 (2-7) 0.69
Sepsis/septic shock 15 (25) 7 (17) 0.29
Pitt bacteraemia score [median (IQR)] 0 (0-2) 0 (0-1) 0.004
Nosocomial acquisition 19 (32) 15 (36) 0.71
Healthcare-associated 21 (36) 11 (26) 0.32
Micro-organism 0.89
Escherichia coli 7 (80) 33 (79)
Klebsiella pneumoniae 12 (20) 9 (21)
Bloodstream infection source 0.12
Urinary tract 34 (58) 30 (71)
Biliary tract 12 (20) 3(7)
Catheter-related 23 4 (10)
Source control” 10 (17) 5(12) 0.48
Appropriate empirical therapy 32 (54) 13 (31) 0.074
Partially appropriate© 3(5 4 (10)
Delay in appropriate therapy (days) [median (IQR)]¢ 0 (0-3) 2 (0-3) 0.006
Duration of empirical treatment (days) [median (IQR)] 2 (2-4) 3 (2-3) 0.79
Duration of definitive treatment (days) [median (IQR)] 12 (7-14) 12 (10-14) 0.23
Outcomes
Hospital stay after BSI [median (IQR)]
Overall 12 (9-18) 7 (5-10) <0.0001
Survivors 12 (8.5-18) 7 (4.25-10) <0.0001
Cure failure® 9 (15) 2 (5) 0.12
Relapse (30-day follow-up) 3(5) 1(2) 0.64
Mortality (30-day follow-up) 6 (10) 2 (5) 0.46

IQR, interquartile range.
2 Data are n (%) unless otherwise stated.

b Includes any kind of intervention apart from antibiotic treatment to resolve the bloodstream infection, e.g. surgical treatment,

abscess drainage or catheter withdrawal.

¢ The antibiotic was appropriate for part of the duration of empirical treatment (e.g. the patient received some days of appro-
priate treatment and some days of a non-appropriate antibiotic during empirical therapy).
d Days without active treatment in terms of antibiotic susceptibility.

¢ Includes bacteraemia persistence or recurrence/relapse.

Source control was performed in 5 (12%) of 42 patients in
the alternative group: 3 underwent catheter removal due to
catheter-related bacteraemia and 2 underwent endoscopic retro-
grade cholangiopancreatography (ERCP) due to bacteraemia of bil-
iary source. Source control was performed in 10 (17%) of 59 pa-
tients in the carbapenem group: 3 underwent ERCP, 5 required
a double | catheter or percutaneous nephrostomy, 1 required de-
bridement and implant retention and 1 underwent abdominal
surgery.

During the 30-day follow up, among the 59 carbapenem-treated
patients, 9 (15%) were considered as clinical failure, of which 6 pa-
tients died (10%) and 3 (5%) had a relapse. Among the 42 patients
in the non-carbapenem group, 2 patients (5%) died, who were also
considered as clinical failure, 1 of which had also previously devel-
oped bacteraemia relapse (Table 1). The two patients who died in
the alternative treatment group had disseminated cancer (bladder
and colon cancer). Among the six patients who died in the car-
bapenem group, one had a pancreatic tumour and the others had
multiple co-morbidities.

Compared with the carbapenem group, patients treated with an
alternative regimen had a shorter hospital LOS [median 7 days (IQR
5-10 days) vs. 12 days (IQR 9-18 days); P < 0.001] (Table 1).

In the alternative treatment group, 2/25 patients (8%) receiv-
ing SXT died due to ESBL-producing E. coli bacteraemia, both of
whom had advanced neoplastic disease (as previously described).

This percentage is not higher than the 30-day mortality observed
in the carbapenem group (Table 1).

3.2. Alternative treatment group

SXT was the most frequent therapeutic agent selected in these
patients. The clinical characteristics and source of bacteraemia of
patients who received alternative therapy as definitive treatment
are shown in Table 2, and the complete therapy regimen and
length of therapy in the alternative group are shown in Table 3.
When patients were switched to non-i.v. antibiotics, they had re-
ceived a median of 2.5 days (IQR 0-6 days) of appropriate i.v.
therapy.

3.3. Multivariate and propensity score analysis

In the univariate analysis, nosocomial acquisition [odds ratio
(OR)=4.08, 95% confidence interval (CI) 1.10-15.11; P=0.035), CKD
(OR=6.22, 95% CI 1.53-25.27; P=0.011) and the type of micro-
organism (K. pneumoniae compared with E. coli) (OR=3.85, 95%
Cl 1.05-14.20, P=0.042) were independent predictors of clinical
failure. Use of an alternative non-i.v. treatment was not related
to mortality (OR=0.27, 95% CI 0.05-1.61; P=0.15) (Table 4). Af-
ter controlling for confounding with the propensity score, the ad-
justed OR of carbapenem treatment was 4.95 (95% Cl 0.94-26.01;
P=0.059).
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Table 2

193

Clinical characteristics of patients with bloodstream infection (BSI) caused by extended-spectrum B-lactamase- or AmpC B-lactamase-producing
Enterobacteriaceae who received an alternative therapy as definitive treatment (carbapenem-sparing).

Patient  Definitive treatment Sepsis/septic shock ~ Micro-organism BSI source Death  Cure Relapse
1 SXT p.o./1 DS ti.d. No Escherichia coli Urinary No Yes No
2 SXT p.o./1 DS b.i.d. No E. coli Urinary No Yes No
3 SXT p.o./1 DS b.i.d. No E. coli Urinary No Yes No
4 SXT p.o./1 DS b.i.d. Septic shock Klebsiella pneumoniae AmpC  Catheter No Yes No
5 SXT p.o./1 DS b.i.d. Sepsis K. pneumoniae AmpC Urinary No Yes No
6 SXT p.o./1 DS b.i.d. No E. coli Biliary No Yes No
7 SXT p.o./1 DS b.i.d. No E. coli Urinary No Yes No
8 SXT p.o./1 DS b.i.d. No E. coli Urinary Yes No No
9 SXT p.o./1 DS b.i.d. No E. coli Urinary No Yes No
10 SXT p.o./1 DS b.i.d. No K. pneumoniae AmpC Biliary No Yes No
11 SXT p.o./1 DS b.i.d. No K. pneumoniae AmpC Urinary No Yes No
12 SXT p.o./1 DS b.i.d. No E. coli Primary? No Yes No
13 SXT p.o./1 DS b.i.d. No E. coli Urinary No Yes No
14 SXT p.o./1 DS b.i.d. Sepsis E. coli Urinary No Yes No
15 SXT p.o./1 DS b.i.d. No E. coli Bowel No Yes No
16 SXT p.o./1 DS b.i.d. No E. coli Biliary No Yes No
17 SXT p.o./1 DS b.i.d. No E. coli Urinary No Yes No
18 SXT p.o./1 DS b.i.d. No E. coli Urinary No Yes No
19 SXT p.o./1 DS b.i.d. Septic shock E. coli Urinary No Yes No
20 SXT p.o./1 DS b.i.d. No K. pneumoniae Urinary No Yes No
21 SXT p.o./1 DS b.i.d. Septic shock E. coli Urinary No Yes No
22 SXT p.o./1 DS b.i.d. No E. coli Urinary Yes No Yes
23 SXT p.o./1 DS b.i.d. No K. pneumoniae Primary No Yes No
24 SXT p.o./1 DS b.i.d. No E. coli Primary No Yes No
25 SXT p.o./1 DS b.i.d. No E. coli Urinary No Yes No
26 Fosfomycin p.o. 500 mg t.i.d. No K. pneumoniae Urinary No Yes No
27 Fosfomycin p.o. 500 mg t.i.d. No E. coli Urinary No Yes No
28 Ciprofloxacin p.o. 500 mg b.i.d. No E. coli Urinary No Yes No
29 Ciprofloxacin p.o. 500 mg b.i.d. Septic shock E. coli Urinary No Yes No
30 Ciprofloxacin p.o. 500 mg b.i.d. No K. pneumoniae AmpC Catheter No Yes No
31 Ciprofloxacin p.o. 500 mg b.i.d. No K. pneumoniae Catheter No Yes No
32 Ciprofloxacin p.o. 500 mg b.i.d. No E. coli Urinary No Yes No
33 Ciprofloxacin p.o. 750 mg b.i.d. No E. coli Catheter No Yes No
34 Ciprofloxacin p.o. 500 mg b.i.d. No E. coli Urinary No Yes No
35 Ciprofloxacin p.o. 500 mg b.i.d. No E. coli Abdominal  No Yes No
36 Ciprofloxacin p.o. 500 mg b.i.d. No E. coli Urinary No Yes No
37 AMC ER p.o. 1000/62.5 mg t.i.d. No E. coli Urinary No Yes No
38 Gentamicin i.m. 240 mg qd No E. coli Urinary No Yes No
39 Gentamicin i.m. 240 mg qd Sepsis E. coli Urinary No Yes No
40 Gentamicin 240 mg qd No E. coli Urinary No Yes No
41 Amikacin i.m. 1 g qd No E. coli Urinary No Yes No
42 Gentamicin 240 mg qd No E. coli Urinary No Yes No

SXT, trimethoprim/sulfamethoxazole; p.o., oral; DS, double strength; t.i.d., three times a day; b.i.d., twice a day; AMC, amoxicillin/clavulanic acid;

ER, extended release; i.m., intramuscular; qd, once daily.
2 Primary indicates no source identified.

4. Discussion

In this study, use of alternative non-i.v. carbapenem-sparing an-
tibiotics for the definitive treatment of ESBL- or AmpC-positive En-
terobacteriaceae bloodstream infection in clinically stable patients
was not observed to be related to greater mortality. In fact, no dif-
ferences in either the primary outcome of 30-day mortality [6/59
(10%) vs. 2/42 (5%); P=0.46] or in the secondary outcome of clin-
ical failure [9/59 (15%) vs. 2/42 (5%); P=0.12] were found for the
carbapenem group versus the non-i.v. carbapenem-sparing antibi-
otic group. Moreover, use of alternative treatment was associated
with a shorter hospital LOS.

Some reports have evaluated the efficacy of i.v. carbapenem-
sparing antibiotics in this setting, including cephamycins,
BL/BLIs or fluoroquinolones, and have presented both positive
[711,16,17,28] and negative [4,29,30] outcomes. To date, there
are fewer data for non-i.v. options. In a metanalysis [3], use of
empirical quinolones (oral or iv.) for ESBL Enterobacteriaceae
bacteraemia was associated with a higher mortality than car-
bapenems, but mortality was similar when quinolones were used
as definitive therapy. Some studies have shown prior exposure
to fluoroquinolones or B-lactams to be independent risk factors

for ESBL-producing or carbapenem-resistant Enterobacteriaceae
infections [31,32]. Taking this into consideration, other non-i.v.
treatments such as SXT or fosfomycin could be a better option
for definitive therapy. To our knowledge, there is no published
experience with these oral alternatives for the treatment of ESBL
Enterobacteriaceae bacteraemia [33]. Published experience with
SXT for the treatment of ESBL- or AmpC-producing infections in
patients without bacteraemia is also scarce. Park et al. showed
that non-carbapenem antibiotics (including five patients treated
with SXT) had a similar efficacy to carbapenems among a case
series of pyelonephritis, however the outcome of patients treated
with SXT was not specified [34]. SXT was the most frequent option
chosen as non-i.v., carbapenem-sparing, definitive treatment in
the current study (mainly for urinary and biliary sources); no
complications were found related to this use. Our experience
with SXT as definitive treatment in clinically stable patients, after
confirming antibiotic susceptibility (38% of the strains of ESBL
infections in our setting) is promising. This option may prevent
the emergence of resistance, allows for the administration of an
oral regimen and could shorten the hospital LOS.

Studies of the efficacy of non-i.v. carbapenem-sparing agents
for infections caused by ESBL/AmpC-producing Enterobacteriaceae



Table 3
Complete therapy regimen and duration of treatment of patients with bloodstream infection caused by extended-spectrum S-lactamase- or AmpC B-lactamase-producing Enterobacteriaceae who received an alternative
therapy as definitive treatment (carbapenem-sparing).

v6l

Patient Empirical treatment (appropriate) Duration (days) Effective modification treatment (same as definitive) Duration (days) Definitive treatment Duration (days)
1 BL/BLI, cephalosporin (No) 2 Carbapenem (No) 1 SXT 28
2 Quinolone, AMG (No) 5 SXT (Yes) 10

3 Cephalosporin, carbapenem (Partially®) 4 Carbapenem (No) 5 SXT 14
4 Carbapenem (Yes) 3 Carbapenem (No) 6 SXT 10
5 BL/BLI (Yes) 3 BL/BLI (No) 2 SXT 8
6 Carbapenem, BL/BLI (Yes) 6 SXT (Yes) 8

7 BL/BLI (Yes) 3 SXT (Yes) 9

8 (Death) BL/BLI (No) 3 Carbapenem (No) 3 SXT 11
9 BL/BLI (No) 1 SXT (Yes) 11

10 BL/BLI (No) 4 SXT (Yes) 13

11 BL/BLI (No) 3 Carbapenem (No) 1 SXT 27
12 Quinolone (No) 3 SXT (Yes) 14

13 Cephalosporin (No) 2 SXT (Yes) 21

14 Carbapenem (Yes) 2 Carbapenem (No) 4 SXT 14
15 BL/BLI, quinolone (No) 1 Carbapenem (No) 3 SXT 7
16 BL/BLI (No) 2 Carbapenem (No) 6 SXT 11
17 Cephalosporin, quinolone (No) 2 SXT (Yes) 14

18 Cephalosporin (No) 3 Carbapenem (No) 1 SXT 13
19 Carbapenem, SXT (Yes) 4 SXT (Yes) 11

20 BL/BLI, carbapenem (Yes) 3 Carbapenem (No) 2 SXT 9
21 Carbapenem (Yes) 3 Carbapenem (No) 8 SXT 14
22 (Death) BL/BLI, quinolone (No) 2 SXT (Yes) 12

23 Cephalosporin (No) 3 SXT (Yes) 18

24 Cephalosporin (No) 5 SXT (Yes) 19

25 Quinolone (No) 4 SXT (Yes) 15

26 BL/BLI, carbapenem (Partially) 4 Fosfomycin (Yes) 14

27 Cephalosporin, AMG (Partially) 2 Carbapenem (No) 5 Fosfomycin 15
28 BL/BLI (No) 1 Quinolone (Yes) 14

29 Carbapenem (Yes) 3 Carbapenem (No) 7 Quinolone 10
30 BL/BLI (No) 2 Carbapenem (No) 2 Quinolone 10
31 Aztreonam (No) 2 Quinolone (Yes) 14

32 BL/BLI (Yes) 3 Quinolone (Yes) 25

33 Aztreonam (No) 2 AMG (No) 2 Quinolone 10
34 BL/BLI (No) 2 Quinolone (Yes) 16

35 BL/BLI (Yes) 2 Carbapenem (No) 6 Quinolone 8
36 Cephalosporin (No) 5 Quinolone (Yes) 10

37 BL/BLI (Yes) 2 Carbapenem (No) 2 AMC 10
38 BL/BLI, AMG (Partially) 2 AMG (gentamicin) (Yes) 12

39 Cephalosporin (No) 2 Carbapenem (No) 5 AMG (gentamicin) 8
40 Cephalosporin (No) 3 AMG (gentamicin) (Yes) 21

41 Cephalosporin (No) 2 Carbapenem (No) 5 AMG (amikacin) 8
42 Carbapenem (Yes) 1 Carbapenem (No) 5 AMG (gentamicin) 7

BL/BLI, B-lactam/B-lactamase inhibitor; SXT, trimethoprim/sulfamethoxazole; AMG, aminoglycoside; AMC, amoxicillin/clavulanic acid.
2 Partially indicates the antibiotic was appropriate for part of the empirical treatment.
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Table 4
Univariate and multivariate analysis: relationship between variables and treatment
failure.

OR (95% CI) P-value
Univariate analysis

Age 0.99 (0.94-1.03) 0.57
Sex (male) 1.79 (0.44-7.14) 0.42
Diabetes mellitus 0.43 (0.05-3.59) 0.43
Chronic kidney disease 6.22 (1.53-25.27) 0.011
Immunosuppression 2.00 (0.37-10.73) 0.42
Cancer 1.23 (0.30-5.07) 0.77
Charlson comorbidity index 1.08 (0.86-1.35) 0.49
Sepsis/septic shock 0.33 (0.04-2.72) 0.30
Pitt bacteraemia score 0.84 (0.54-1.29) 0.42
Nosocomial acquisition 4.08 (1.10-15.11) 0.035
Healthcare-associated 1.94 (0.55-6.92) 0.30
ESBL micro-organism Klebsiella pneumoniae  3.85 (1.05-14.20) 0.042
Bloodstream infection source

Urinary tract 1 0.52

Catheter-related 1.000 (1.00-1.00)

Biliary tract 2.42 (0.53-11.04)

Other 1.38 (0.25-7.59)
Appropriate empirical therapy

Yes 0.70 (0.18-2.66) 0.84

Partially? 1.19 (0.12-11.71)
Delay in appropriate therapy® 1.07 (0.73-1.57) 0.74
Duration of empirical treatment 1.004 (0.58-1.72) 0.99
Duration of definitive treatment 0.98 (0.89-1.09) 0.75
Alternative non-i.v. treatment 0.28 (0.06-1.35) 0.11
Hospital LOS after BSI 1.01 (0.99-1.04) 0.34

Multivariate analysis

Chronic kidney disease 11.19 (1.84-67.94)  0.009
ESBL micro-organism K. pneumoniae 7.86 (1.16-53.41) 0.035

Alternative non-i.v. treatment 0.27 (0.05-1.61) 0.15

OR, odds ratio; CI, confidence interval; ESBL, extended-spectrum S-lactamase; i.v.,
intravenous; LOS, length of stay; BSI, bloodstream infection.

@ Partially indicates the antibiotic was appropriate for part of the duration of the
empirical treatment (e.g. the patient received some days of appropriate treatment
and some days of a non-appropriate antibiotic during empirical therapy).

b Days without active treatment in terms of antibiotic susceptibility.

have focused mainly on urinary tract infections [35,36], have not
assessed cases of bacteraemia and have addressed mainly patients
with ESBL-producing E. coli infections. Since most of the available
drugs (SXT, quinolones, fosfomycin) have high urinary levels, fur-
ther studies should determine whether these alternative non-i.v.
carbapenem-sparing agents are also useful for the treatment of
other bacteraemic foci (abdominal) and for ESBL-producing Kleb-
siella infections.

Data on non-i.v. carbapenem-sparing treatments could help
reduce carbapenem use, which is crucial in order to contain
the spread of carbapenem resistance [37], to reduce its impact
on global hospital ecology [38] and to shorten hospital LOS. As
demonstrated, hospital LOS in the alternative treatment group was
significantly shorter in the current study population without a neg-
ative impact in terms of relapse or early re-admission. The benefits
associated with non-prolonged hospitalisation in terms of cost ef-
fectiveness and co-morbidity have been already demonstrated [39].

Finally, in a recent study [40], the idea of shorter duration for
Enterobacteriaceae bacteraemia in general (not focused on ESBL)
arises. In the current study, when patients were switched to non-
i.v. antibiotics they had received a median of 2.5 days (IQR 0-6
days) of appropriate i.v. therapy. We could say that some of them
would already be treated correctly with the i.v. therapy, however
these results also support the possibility of step-down therapy in
stable patients with ESBL bacteraemia.

This study has several limitations. The retrospective design
could not exclude the possibility that patients with more severe
infections were preferably treated with carbapenems without sub-
sequent treatment with a non-carbapenem, however all cases were
included. Moreover, the sample size may be too small to achieve

adequate statistical power, and selection by indication may bias the
results. We tried to balance this limitation by adjusting the results
using a propensity score analysis, and did not observe changes
in estimation effects. This study may not account for all of the
variables that may have influenced the decision to use carbapen-
ems and thus might influence the OR; similarly, the goodness-of-
fit model for calculating propensity score weights might be un-
derpowered (AUC=0.77). We also could not characterise the ESBL
genes or investigate the minimum inhibitory concentration (MIC)
distribution for all study isolates. Furthermore, the study included
mostly bloodstream infections due to E. coli, which means that
these results cannot be extrapolated to K. pneumoniae and mixed
ESBL/AmpC-positive Enterobacteriaceae or other species of the En-
terobacteriaceae family. Finally, the majority of sources of blood-
stream infection were urinary, so these results may be not be ex-
trapolated to other bacteraemic foci.

5. Conclusions

Despite these limitations, the possibility that non-i.v. antibi-
otics could be used in selected patients for the definitive treat-
ment of ESBL/AmpC-positive Enterobacteriaceae bloodstream infec-
tions is promising, particularly in the urinary focus setting and in
clinically stable patients. This series supports the use of SXT as
a carbapenem-sparing alternative therapy that could reduce car-
bapenem use and shorten hospital LOS. Larger prospective inter-
ventional studies are now required to definitively assess the effi-
cacy of oral carbapenem-sparing antibiotics for the treatment of
ESBL/AmpC-positive Enterobacteriaceae bacteraemia.
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