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Abstract
Background  Several countries have established action plans for antibiotic stewardship programs (ASPs), which 
recognise the clinical and public health issues of antimicrobial resistance. We evaluated the impact of a multimodal 
ASP, implemented in 2017 to improve urinary source E.coli bacteraemia in a secondary care hospital in Catalonia, 
Spain.

Methods  Prospective, post-intervention, epidemiological study in a single hospital in Catalonia. Patients were 
included if they were aged ≥ 18 years, were admitted to the hospital for any cause between January 1, 2017 and 
December 31, 2022, and had urinary-source E.coli bacteraemia. The primary endpoint was adherence to antimicrobial 
treatment guidelines for urinary-source E.coli bacteraemia. Secondary endpoints included, appropriate antimicrobial 
treatment use based on in vitro sensitivity; the degree of error in appropriate use of empirical antimicrobial 
treatments by guideline adherence (yes/no); and the percentage of E. coli antibiotic resistance in these patients.

Results  Of the 297 patients with urinary-source E.coli bacteraemia, the majority were female (57.9%), and the mean 
(SD) age was 79.0 (16.9) years. Most urinary-source E.coli bacteraemias were community-acquired (n = 194, 65.3%) 
vs. healthcare system- (n = 78, 26.3%) or hospital- (n = 25, 8.4%) acquired. Adherence rates to antimicrobial treatment 
guidelines were high across all years (91.4%; range 83.0% to 97.8%), as was the appropriateness of use based on 
in vitro sensitivity (93.0%; range: 89.4% to 97.8%). The degree of error in appropriate use of empirical antimicrobial 
treatments was 3.0% (range: 0% to 6.5%) when guidelines were followed and 50.0% (33.3% to 66.7%) when guidelines 
were not followed. The percentage of urinary-source E.coli bacteraemia which were resistant to treatment with 
quinolones (44.7% vs. 22.4%; p = 0.014) and ESBLs (21.3% vs. 12.2%; p = 0.058) reduced significantly from 2017 to 2022. 
No cases of carbapenem resistance occurred.
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Background
Bloodstream infections are a major cause of morbidity 
and mortality in patients admitted to hospital and imme-
diate initiation of appropriate antibiotics in patients with 
bacteraemia is critical to improve poor patient outcomes 
and to reduce mortality rates [1–5]. In high-income 
countries, Escherichia coli (E.coli) is the most common 
cause of gram-negative bacteraemia, with urinary tract 
infections (UTIs) being the main source of E.coli bacte-
raemia (>50% of cases) [5, 6]. The estimated incidence of 
E.coli bacteraemia is 48 per 100,000 person-years, and 
this had been shown to be increasing in some regions [6, 
7]. 

Although there have been improvements in rapid 
microbiologic testing, the turnaround time still takes up 
to 72 h, and therefore clinicians often initiate empiric 
antibiotic therapies [6]. Empiric treatment may have 
some negative consequences for patients’ health, includ-
ing not being effective for the pathogen or being associ-
ated with unnecessary toxicity due to treatment-related 
adverse events [8]. In addition, unnecessary broad spec-
trum empiric treatment has been shown to exacerbate 
the risk of antimicrobial resistance [8]. Resistance to 
antibiotics is a worldwide problem, especially in hos-
pitalized patients [8, 9]. Emerging multidrug resistant 
E.coli strains, such as extended-spectrum beta-lactamase 
(ESBL) producing E.coli, are difficult to treat, and are 
associated with a higher risk of bacteraemias and death 
[7, 10]. The major drivers for the increasing prevalence 
of antimicrobial resistance are the misuse and overuse 
of antimicrobial agents, which affect not only the effica-
ciousness of treatments but also prolong the duration of 
hospitalisations, negatively affect patients’ quality of life, 
and increase hospital resource use [8]. To combat this, 
several countries have established action plans for anti-
biotic stewardship programs (ASPs), which recognise the 
clinical and public health issues of antimicrobial resis-
tance [8]. 

To combat antimicrobial resistance in Catalonia 
(Spain), the Catalan Health Service created the Pro-
gramme for the Surveillance of Healthcare-Related 
Infections named VINCat in 2006 [11–14]. A part of the 
program includes the establishment of a standardized 
surveillance program for bacteraemia of urinary tract ori-
gin caused by E. coli in hospitals in Catalonia [13]. This 

includes the application of an ASP in hospitals, the com-
munity, and long-term care facilities.

The objective of this prospective, post-intervention, 
epidemiological study was to evaluate the impact of an 
ASP, implemented in 2017 in a single hospital in Catalo-
nia, including investigation of how adherence to clinical 
antimicrobial treatment guidelines can positively impact 
bacteraemia of urinary tract origin caused by E.coli.

Methods
Hospital ASP
The study is settled in a secondary acute care hospital of 
150 beds for acute care. In 2017 an institutional ASP was 
launched, with an infectious disease specialist, a micro-
biologist and a pharmacist being responsible for the pro-
gram. The ASP program consists of daily revisions to all 
in-hospital antibiotic treatments, with prompt feedback 
about the adequacy or inadequacy of antibiotic treat-
ment provided to the prescribers, either by phone or by 
written notes. The antimicrobial stewardship team also 
advises prospectively on the duration of every antibiotic 
prescribed in the hospital. At the same time, institutional 
protocols for the most common infections were redacted, 
with the collaboration of other hospital specialists. In 
2017, a new protocol for the diagnosis and treatment of 
urinary infections was implemented at our hospital that 
is based on local microbiology and patterns of resistance 
(See supplementary appendix for further details). This 
protocol is updated yearly and disseminated through-
out all hospital services. It is communicated in a general 
session and subsequently copies of the information and 
algorithm are left in all medical offices of the hospital, 
including the doctor’s office in the emergency room. In 
addition, all local protocols, including the urinary infec-
tion protocol, are easily accessible to all healthcare per-
sonnel via the main page of the hospital intranet. As part 
of the ASP for our centre, urinary infections and bacter-
aemias are reviewed daily and feedback is constantly pro-
vided to prescribers. Prescribers are informed of possible 
errors due to non-adherence to the protocol and an email 
is sent to the Emergency department coordinator.

Study design and population
All patients who were aged ≥ 18 years, were admitted 
to the surgical or medical hospital wards for any cause 
between January 1, 2017 and December 31, 2022, and 

Conclusions  This prospective, single centre study reports a high level of appropriate antimicrobial use, based 
on both guideline recommendations and in vitro sensitivity testing. Our ASP has been applied successfully over 6 
years, resulting in improvements in the empirical antimicrobial treatment of urinary-source E.coli bacteraemia, and a 
reduction in antimicrobial resistance.
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had bacteraemia of urinary tract origin caused by E.coli 
were included in the study. Daily data on E. coli bacterae-
mia were transmitted from the microbiology laboratory 
to the clinical investigators. Bacteraemia of urinary tract 
origin caused by E. coli was defined as any E. coli isola-
tion in a blood culture from a patient with a simultaneous 
urine culture showing >10⁵ colony-forming units/mL and 
compatible symptoms, in the absence of an alternative 
focus [15]. Bacteraemia was further classified according 
to the acquisition setting: hospital-acquired if identified 
>48 h after admission and before discharge; community-
acquired if identified in the community or within 48 h of 
admission in patients who had been discharged from a 
healthcare facility >4 weeks before symptom onset; and 
healthcare-associated if occurring within 48 h of admis-
sion in patients living in the community but with regular 
healthcare contact. The latter included patients receiving 
medical care at home, residing in nursing or social health 
centres, undergoing chronic haemodialysis or perito-
neal dialysis, attending day hospitals on a regular basis, 
or with a hospital admission within the previous 4 weeks 
[15]. 

For each patient meeting the inclusion criteria, the 
principal investigator collected the following variables 
from medical records: age, sex, source of bacteraemia, 
hospitalisation ward at the time of diagnosis (medical, 
surgical, or intensive care unit [ICU]), acquisition cat-
egory, empirical antimicrobial treatment (active ingre-
dient and dose), adherence of empirical antimicrobial 
treatment to therapeutic guidelines (yes/no), adequacy 
of empirical antimicrobial treatment in light of antibi-
otic susceptibility results (yes/no), and resistance pro-
file of the isolate (E. coli producing extended-spectrum 
β-lactamases [ESBL] [yes/no], carbapenem-resistant 
E. coli [yes/no], or quinolone-resistant E. coli [yes/
no]). Antibiotic sensitivity and ESBL production were 
assessed using the breakpoints established by the Euro-
pean Committee on Antimicrobial Susceptibility Test-
ing (EUCAST). This process adhered to the guidelines 
recommended by the Spanish Antibiogram Committee 
(COESANT) and the Spanish Society of Infectious Dis-
eases and Clinical Microbiology (SEIMC). A strain was 
considered sensitive if classified as ‘susceptible’ or ‘sus-
ceptible, increased exposure.’ The broth microdilution 
method was utilized to determine susceptibility [16]. The 
antibiotics commonly tested in the laboratory are the fol-
lowing: amikacin, amoxicillin-clavulanate, cefuroxime, 
third-generation cephalosporins, ciprofloxacin, cotri-
moxazole, gentamicin and ertapenem.

Endpoints
The primary endpoint was adherence to antimicrobial 
treatment guidelines for treatment of bacteraemia due to 
E.coli infections of urinary origin. Secondary endpoints 

included, adequacy of the empirical antimicrobial treat-
ment, based on in vitro sensitivity results; the degree of 
non-compliance, defined as the percentage of empirical 
treatments that did not adhere to the guidelines (yes/no); 
the percentage of bacteraemias due to E.coli infection of 
urinary origin which were resistant to quinolones, car-
bapenems, and resistant by ESBLs production, over time.

Study conduct
During the course of the study, no diagnostic tests were 
made, or samples taken from, any participant other than 
those required by routine care. The study complied with 
the principles of the Declaration of Helsinki, with inter-
national human rights, and with the legislation regulating 
biomedicine and personal data protection. All data were 
treated as confidential, and records were accessed anony-
mously. This study was approved by the Ethics Commit-
tee of Bellvitge Hospital (Ref. PR066/18). Patient data 
were anonymized, and so the requirement for informed 
consent was waived by the Ethics Committee of Bellvitge 
Hospital.

Statistical analysis
Variables of interest were analysed graphically by year 
from 2017 to 2022. Demographic variables were analysed 
using descriptive statistics. Categorical variables are pre-
sented as the number and percentage in each category 
whereas continuous variables are presented as mean 
(standard deviation [SD]) values. The dataset used in the 
analysis was complete, and thus no missing data handling 
was required. P values were calculated using the Pearson 
test for continuous variables with normal distribution, 
the Spearman test for continuous variables non-normally 
distributed and the chi-square test based on the correla-
tion coefficient for categorical variables. Statistical analy-
ses were performed using the R program (version 4.2.1).

Results
Study population
In total, 297 patients with bacteraemia due to E.coli infec-
tion of urinary origin were included in the study between 
2017 and 2022. The majority of the patients were female 
(57.9%), and the mean (SD) age was 79.0 (16.9) years 
(Table  1). The majority of bacteraemias due to E.coli 
infection of urinary origin were acquired in the commu-
nity (n = 194, 65.3%) compared with healthcare system-
acquired (n = 78, 26.3%) or hospital-acquired (n = 25, 
8.4%) infections (Table 1); however, the number acquired 
in the healthcare system increased from 2017 to 2022. 
Bacteraemia due to E.coli infection of urinary origin was 
most commonly diagnosed in general medicine, general 
surgery and ICU departments, with most cases identified 
in general medical wards (Table 1).
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Primary endpoint
The rates of adherence to antimicrobial treatment guide-
lines for the treatment of bacteraemia due to E.coli infec-
tions of urinary origin were high across all years studied 
after the implementation of the ASP (91.4%; range 83.0% 
to 97.8%; Fig. 1).

Secondary endpoints
Adequacy of the empirical antimicrobial treatment, 
based on in vitro sensitivity results was high across all 6 
years (Fig.  1). The degree of error in appropriate use of 
empirical antimicrobial treatments was low when guide-
lines were followed (Fig.  2) but was significantly higher 
when treatments were nonadherent to the guidelines 
(3.0%; range 0% to 6.5% vs. 50.0%; range 33.3% to 66.7%). 
With regards to antimicrobial resistance patterns, the 
percentage of bacteraemia due to E.coli infections of 
urinary origin which were resistant to treatment with 

quinolones significantly reduced over time from 44.7% in 
2017 to 22.4% in 2022 (p = 0.014; Fig. 3). Similarly, there 
was a trend towards a decrease in bacteraemia due to 
E.coli infections of urinary origin which were resistant 
to ESBL over time from 21.3% in 2017 to 12.2% in 2022 
(p = 0.058). No cases of E.coli resistance to carbapenems 
occurred (Table 2).

Discussion
In this prospective epidemiology study from a single 
hospital in Catalonia, after the introduction of our ASP 
there was a high level of appropriate use of antimicrobial 
treatments based on both guideline adherence and in 
vitro sensitivity testing, with a low degree of error when 
the guidelines were followed. In addition, it was shown 
that cases of antimicrobial resistance decreased over 
time in our hospital, suggesting that our ASP was having 
a positive effect. Notably, no additional infection control 

Table 1  Patient demographics, hospitalisation characteristics and antibiotic use, by year
2017
N = 47

2018
N = 48

2019
N = 52

2020
N = 45

2021
N = 56

2022
N = 49

Total
N = 297

P-value

Age, years, mean (SD) 74.4 (16.9) 71.2 (21.2) 73.0 (17.9) 73.1 (15.4) 76.2 (14.9) 78.3 (13.8) 74.4 (16.9) 0.042
Female sex, n (%) 26 (55.3) 27 (56.2) 29 (55.8) 31 (68.9) 29 (51.8) 30 (61.2) 172 (57.9) 0.669
Acquisition, n (%)
Community-acquired 37 (78.7) 34 (70.8) 26 (50.0) 28 (62.2) 37 (66.1) 32 (65.3) 194 (65.3) 0.257
Hospital-acquired 4 (8.5) 4 (8.3) 6 (11.5) 8 (17.8) 0 (0.0) 3 (6.1) 25 (8.4) 0.289
Healthcare system-acquired 6 (12.8) 10 (20.8) 20 (38.5) 9 (20.0) 19 (33.9) 14 (28.6) 78 (26.3) 0.058
Hospital admission area, n (%) 0.597
ICU 2 (4.3) 3 (6.3) 3 (5.8) 4 (8.9) 1 (1.8) 4 (8.2) 17 (5.7) -
Medical wards 32 (68.1) 35 (72.9) 36 (69.2) 29 (64.4) 40 (71.4) 36 (73.5) 208 (70.0) -
Surgical wards 13 (27.7) 10 (20.8) 13 (25.0) 12 (26.7) 15 (26.8) 9 (18.4) 72 (24.2) -
Number of antibiotics, n (%) 0.422
1 41 (87.2) 43 (89.6) 51 (98.1) 45 (100.0) 54 (96.4) 43 (87.8) 277 (93.3)
2 6 (12.8) 5 (10.4) 1 (1.9) 0 (0.0) 2 (3.6) 6 (12.2) 20 (6.7)
ICU, intensive care unit

Fig. 1  Adherence to antimicrobial treatment guidelines for the treatment of bacteraemia due to E.coli infections of urinary origin and appropriate use of 
empirical antimicrobial treatments based on in vitro sensitivity, by year
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measures were implemented during the study period, 
and there were no changes in the antibiotic prescribing 
guidelines during this time.

Several pre- and post-intervention studies have com-
pared antimicrobial prescribing patterns before and after 
the introduction of ASPs [17–22]. Although the method-
ologies used for the ASPs differed between studies, they 

all reported positive effects from the introduction of the 
ASPs, including reductions in antimicrobial consumption 
due to elimination of inappropriate prescribing practices 
and shortening of hospital stays [17–22]. Several stud-
ies reported that the implementation of ASPs reduced 
both overall use and duration of antimicrobial treat-
ment, including carbapenems, without affecting overall 

Table 2  Escherichia coli resistance by year
2017 2018 2019 2020 2021 2022 p.trend N
N  =  47 N  =  48 N  =  52 N   =  45 N   =   56 N   =   49

BLEE, N (%) 10 (21.3%) 10 (20.8%) 15 (28.8%) 6 (13.3%) 7 (12.5%) 6 (12.2%) 0.058 297
Carbapenems, N (%) 1 (2.13%) 0 (0.00%) 0 (0.00%) 0 (0.00%) 0 (0.00%) 0 (0.00%) 0.134 297
Quinolones, N (%) 21 (44.7%) 15 (31.2%) 28 (53.8%) 10 (22.2%) 18 (32.1%) 11 (22.4%) 0.014 297

Fig. 3  Antimicrobial resistance patterns, over time

 

Fig. 2  Degree of error in the appropriate use of empirical antimicrobial treatments, by guideline adherence. *All treatments in 2020 were adequate ac-
cording to the guidelines and therefore no degree of error in appropriate use of empirical antimicrobial treatment was included in the graph for 2020
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safety [18–21]. A pre- and post-ASP intervention study 
based in a urology department of a single hospital in 
Barcelona reported a 9% decrease in defined daily doses 
(DDD)/1000 patient days for carbapenem use during the 
intervention period. Similarly, a single-centre, pre- and 
post-intervention study reported a reduction in the uti-
lization of broad-spectrum antimicrobials with no sig-
nificant differences in clinical outcomes [20]. Thirdly, a 
single-centre, pre- and post-intervention study of gram-
negative bacteraemia treatment reported shorter dura-
tion of treatment, earlier switch to oral treatment and 
lower 30-day readmission rates [18]. Fourthly, a single-
centre, pre- and post-intervention study to assess the 
effect of implementing an infectious disease specialist-led 
ASP showed a significant decrease from the pre- to the 
post-intervention periods for overall high-end antibiotic 
density with no significant differences in the incidence 
rates of clinical outcomes [19]. Finally, a single-centre 
study which assessed the long-term effect of bedside 
interventions by an antibiotic stewardship team reported 
that the duration of third- and fourth-generation pseudo-
monal cephalosporin and carbapenem use significantly 
decreased in the post-intervention period (p < 0.01) [22]. 
In addition, in-hospital mortality was significantly lower 
in the post-intervention group and 30-day mortality and 
in-hospital mortality in patients with resistant gram-
negative bacteraemia were significantly lower in the post-
intervention group [22]. 

Although we did not investigate costs associated with 
antimicrobial use in our study, two single-centre, pre- 
and post-intervention studies reported cost-savings 
through the implementation of ASPs, without compro-
mising clinical outcomes [18, 19]. 

Enterobacteriaceae resistance to multiple classes of 
antimicrobials is increasing worldwide and continued 
efforts are needed to prevent their spread [23–26]. Hos-
pitals, and particularly ICUs, are important settings for 
the development and spread of antibiotic resistant bacte-
ria, mainly due to patients being exposed to heavy antibi-
otic use, a high density patient population, and frequent 
contact with healthcare staff and the risk of cross infec-
tion [27]. Data from Spanish hospitals which are part 
of the Study for Monitoring Antimicrobial Resistance 
Trends (SMART) showed that there was a slight increase 
in ESBL-producing E.coli isolates from 2011 to 2017 
[28, 29]. In contrast to this, the data for antimicrobial 
resistance patterns from our hospital showed that there 
was a reduction in the percentage of bacteraemia due 
to E.coli infections of urinary origin that were resistant 
to quinolones and to ESBL from 2017 to 2022, despite 
an increased risk in healthcare system-acquired infec-
tions. In the case of quinolones, this decrease in resis-
tance coincided with a decrease in their use. However, we 
believe that Antimicrobial Stewardship Programs (ASPs) 

can reduce resistance overall, if their use aligns with clin-
ical guidelines. This downward trend in antimicrobial 
resistance has also been shown in other studies after the 
implementation of ASPs [23, 30]. Together these studies 
provide support to show that the implementation of ASPs 
can curb the development of antimicrobial resistance.

The results from all hospitals included in the VINCAT 
ASP have been published [30]. Although many hospi-
tals in the Catalonia region of Spain were following the 
same protocol, the results from our hospital were gener-
ally better than those for the region as a whole, suggest-
ing that our ASP model may be more robust [31]. In our 
hospital the rates of adherence to antimicrobial treat-
ment guidelines were high across all years (91.4%; range: 
85.1% to 100.0%), whereas the overall adherence rate for 
the region was 79.5% during the period from 2017 to 
2021, meaning that adherence at our hospital was higher 
than that of the whole region. A similar trend was seen 
for appropriateness in view of the in vitro sensitivity in 
our hospital (93.0%; range: 89.4% to 97.8%), which was 
also higher than the total appropriateness in view of in 
vitro sensitivity for Catalonia (88.1%). The degree of error 
when guidelines were followed was low from 2017 to 
2022 in our hospital (3.0%; range: 0% to 6.5%). The degree 
or error for Catalonia region was 5.9% from 2017 to 2021.

There are some differences in patient populations 
between our hospital and the data for the Catalonia 
region as a whole. Firstly, our data was collected from 
2017 to 2022, whereas the data for the Catalonia region 
was collected from 2017 to 2021. In our hospital, patients 
had a higher mean age (79.0 years vs. 72.7 years), a 
higher percentage of community-acquired infections 
(65.3% vs. 59.3%) and a lower percentage of healthcare 
system-acquired (26.3% vs. 29.9%) and hospital-acquired 
(8.4% vs. 10.2%) infections vs. the region as a whole [31]. 
Despite these differences, the principal reason for better 
results in our hospital may be the robustness of our ASP. 
This robustness is due to the daily revisions made to all 
in-hospital antibiotic treatments, with feedback about 
the adequacy or inadequacy of antibiotic treatment pro-
vided to the prescribers either by phone or written notes. 
Specifically, we provide physicians with daily emails 
regarding the centres’ antimicrobial therapies, includ-
ing possible errors of non-adherence of the guide. Judg-
ing by the comparison with other centers in our region, 
the hospital ASP appears to be influencing community 
resistance and not just hospital resistance. This could be 
due to the influence our hospital has on its catchment 
area and the local primary care physicians, as well as the 
volume of community patients our hospital actually man-
ages, given that the program also includes the Emergency 
Department.

Furthermore, the COVID-19 pandemic occurred dur-
ing the study period, and it could be hypothesized that 
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it influenced the observed variations in antimicrobial 
resistance. However, since our hospital showed a more 
favourable trend in resistance evolution compared with 
other hospitals in the surrounding area, it is unlikely that 
the observed findings can be explained by the impact of 
the pandemic.

A strength of this study is the 6-year follow period 
which allowed sufficient time for trends in outcomes to 
be observed; however, the results presented herein are 
from a single hospital, which may limit the generalizabil-
ity of the results. Another limitation was that the clini-
cal evolution of patients was not followed up in order to 
determine mortality rates associated with bacteraemia 
from E.coli infection of urinary sources.

Conclusions
This prospective study from a single hospital in Catalonia 
(Spain) reports a high level of appropriate antimicrobial 
use, based on both guideline recommendations and in 
vitro sensitivity testing. The results suggest that our ASP 
has been applied successfully over the last 6 years and has 
resulted in improvements in the empirical antimicrobial 
treatment of bacteraemia from E.coli infection of urinary 
sources, and a reduction in the number of cases of anti-
microbial resistant E.coli.

Abbreviations
ASP	� Antibiotic stewardship programs
CI	� Confidence interval
DDD	� Defined daily doses
E.coli	� Escherichia coli
ESBL	� Extended-spectrum beta-lactamase
ICU	� Intensive care unit
IR	� Incidence rate
SD	� Standard deviation
UTI	� Urinary tract infection

Supplementary Information
The online version contains supplementary material available at ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​
g​/​​1​0​.​​1​1​8​6​​/​s​​1​2​8​7​9​-​0​2​5​-​1​1​9​8​7​-​z.

Supplementary Material 1

Acknowledgements
Medical writing support was provided by Claire Line, PhD and was funded by 
CSAPG (Consorci Sanitari Alt Penedès-Garraf ). We would like to thank Sergi 
Hernàndez Baeza, PhD, the center coordinator at VINCat for his advice during 
the investigation.

Author contributions
DB-A designed the study, contributed to data analysis and interpretation, 
reviewed and approved the final version. CP-L cured the data, JC did the 
statistical analysis and reviewed and approved the final version of the 
manuscript. AFS, CC, SS, EJ, EM-R, JG-P contributed to the field work and 
reviewed and approved the final version of the manuscript.

Funding
This study was funded by CSAPG (Consorci Sanitari Alt Penedès-Garraf ).

Data availability
The dataset used in the current study are available from the corresponding 
author on reasonable request.

Declarations

Ethics approval and consent to participate
This study was approved by the Ethics Committee of Bellvitge Hospital 
(Ref. PR066/18). Patient data were anonymized, and so the requirement for 
informed consent was waived by the Ethics Committee of Bellvitge Hospital.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
1Infectious Diseases Unit, Hospital Residencia San Camil, Consorci Sanitari 
de l’Alt Penedès-Garraf, Sant Pere de Ribes, Spain
2Infectious Diseases Unit, Hospital Santa Creu i Sant Pau, Barcelona, Spain
3Research Department, Consorci Sanitari de l’Alt Penedès-Garraf, Sant 
Pere de Ribes, Spain
4Biostatistics Unit, Bellvitge Biomedical Research Institute (IDIBELL), 
L’Hospital de Llobregat, Barcelona, Spain
5Pharmacy Department, Consorci Sanitari de l’Alt Penedès-Garraf, 
Vilafranca del Penedès, Spain
6Microbiology Department, CLILAB Diagnostics, Vilafranca del Penedès, 
Spain

Received: 11 April 2025 / Accepted: 16 October 2025

References
1.	 Fraser A, Paul M, Almanasreh N, Tacconelli E, Frank U, Cauda R, et al. Benefit of 

appropriate empirical antibiotic treatment: thirty-day mortality and duration 
of hospital stay. Am J Med. 2006;119(11):970–6.

2.	 Kang CI, Kim SH, Park WB, Lee KD, Kim HB, Kim EC, et al. Bloodstream infec-
tions caused by antibiotic-resistant gram-negative bacilli: risk factors for mor-
tality and impact of inappropriate initial antimicrobial therapy on outcome. 
Antimicrob Agents Chemother. 2005;49(2):760–6.

3.	 Kumar A, Ellis P, Arabi Y, Roberts D, Light B, Parrillo JE, et al. Initiation of inap-
propriate antimicrobial therapy results in a fivefold reduction of survival in 
human septic shock. Chest. 2009;136(5):1237–48.

4.	 Tsuboi M, Hayakawa K, Mezaki K, Katanami Y, Yamamoto K, Kutsuna S, et 
al. Impact of prompt intervention in response to positive blood culture 
results during weekends by collaboration between infectious disease 
specialists and microbiology laboratory staff. Eur J Clin Microbiol Infect Dis. 
2017;36(10):1889–97.

5.	 Bonten M, van den Johnson JR, Georgalis L, Geurtsen J, de Palacios PI, 
Gravenstein S, Verstraeten T, Hermans P, Poolman JT. Epidemiology of 
Escherichia coli bacteremia: a systematic literature review. Clin Infect Dis. 
2021;72(7):1211–9.

6.	 Smith DA, Nehring SM. Bacteremia. StatPearls. Treasure Island (FL)2024.
7.	 Bonten M, van den Johnson JR, Georgalis L, Geurtsen J, de Palacios PI, et al. 

Epidemiology of Escherichia coli bacteremia: A systematic literature review. 
Clin Infect Dis. 2021;72(7):1211–9.

8.	 Worldwide Antimicrobial Resistance National/International Network Group C. 
Ten golden rules for optimal antibiotic use in hospital settings: the WARNING 
call to action. World J Emerg Surg. 2023;18(1):50.

9.	 World Health Organization factsheet: Antimicrobial resistance [updated 
November 21. 2023. Available from: ​h​t​t​p​​s​:​/​​/​w​w​w​​.​w​​h​o​.​​i​n​t​​/​n​e​w​​s​-​​r​o​o​​m​/​f​​a​c​t​-​​s​h​​
e​e​t​​s​/​d​​e​t​a​i​​l​/​​a​n​t​​i​m​i​​c​r​o​b​​i​a​​l​-​r​e​s​i​s​t​a​n​c​e

10.	 MacKinnon MC, McEwen SA, Pearl DL, Lyytikainen O, Jacobsson G, Collignon 
P, et al. Mortality in Escherichia coli bloodstream infections: a multinational 
population-based cohort study. BMC Infect Dis. 2021;21(1):606.

11.	 Batlle M, Badia JM, Hernandez S, Grau S, Padulles A, Boix-Palop L, et al. Reduc-
ing the duration of antibiotic therapy in surgical patients through a specific 

https://doi.org/10.1186/s12879-025-11987-z
https://doi.org/10.1186/s12879-025-11987-z
https://www.who.int/news-room/fact-sheets/detail/antimicrobial-resistance
https://www.who.int/news-room/fact-sheets/detail/antimicrobial-resistance


Page 8 of 8Blancas-Altabella et al. BMC Infectious Diseases         (2025) 25:1544 

nationwide antimicrobial stewardship program. A prospective, interventional 
cohort study. Int J Antimicrob Agents. 2023;62(5):106943.

12.	 Gudiol F, Limon E, Fondevilla E, Argimon JM, Almirante B, Pujol M. The 
development and successful implementation of the VINCat program. Enferm 
Infecc Microbiol Clin. 2012;30(Suppl 3):3–6.

13.	 Programa de vivilància de les infeccions relacionades amb l’atenció sanitaria 
de. Catalunya (VINCat) Manual VINCat [updated 2023. Available from: ​h​t​t​p​​s​:​/​​/​
s​c​i​​e​n​​t​i​a​​s​a​l​​u​t​.​g​​e​n​​c​a​t​​.​c​a​​t​/​b​i​​t​s​​t​r​e​​a​m​/​​h​a​n​d​​l​e​​/​1​1​​3​5​1​​/​7​7​2​​2​.​​2​/​p​​r​o​g​​r​a​m​a​​_​v​​i​g​i​​l​a​n​​c​i​
a​_​​i​n​​f​e​c​​c​i​o​​n​s​_​r​​e​l​​a​c​i​​o​n​a​​d​e​s​_​​a​t​​e​n​c​​i​o​_​​s​a​n​i​​t​a​​r​i​a​​_​c​a​​t​a​l​u​​n​y​​a​_​m​​a​n​u​​a​l​_​v​​i​n​​c​a​t​_​2​0​2​
3​.​p​d​f​?​s​e​q​u​e​n​c​e​=​8​%​2​6​i​s​A​l​l​o​w​e​d​=​y

14.	 CatSalut. Servei Català de la Salut. VINCat [Available from: ​h​t​t​p​​s​:​/​​/​c​a​t​​s​a​​l​u​t​​.​g​e​​n​
c​a​t​​.​c​​a​t​/​​c​a​/​​p​r​o​v​​e​i​​d​o​r​​s​-​p​​r​o​f​e​​s​s​​i​o​n​a​l​s​/​v​i​n​c​a​t​/

15.	 Friedman ND, Kaye KS, Stout JE, McGarry SA, Trivette SL, Briggs JP, et al. Health 
care–associated bloodstream infections in adults: a reason to change the 
accepted definition of community-acquired infections. Ann Intern Med. 
2002;137(10):791–7.

16.	 Guanabara E, Ltda K, Guanabara E, Ltda K. The European Committee on 
An-timicrobial Susceptibility Testing. Clinical Breakpoints-Bacteria (v 7.1–11.0). 
n.d. ​h​t​t​p​s​:​​​/​​/​w​w​​w​.​​e​u​c​​a​s​​t​​.​o​​r​​g​/​​c​l​i​​n​i​c​​​a​l​_​b​​r​e​​a​k​p​o​i​n​t​s.

17.	 Campos AF, Arantes T, Cambiais A, Cury AP, Tiroli CG, Rossi F et al. Impact of 
an antimicrobial stewardship program intervention associated with the rapid 
identification of microorganisms by MALDI-TOF and detection of resistance 
genes in ICU patients with Gram-Negative bacteremia. Antibiot (Basel). 
2022;11(9).

18.	 Erickson RM, Tritle BJ, Spivak ES, Timbrook TT. Impact of an antimicrobial 
stewardship bundle for uncomplicated Gram-Negative bacteremia. Open 
Forum Infect Dis. 2019;6(12):ofz490.

19.	 Moghnieh R, Awad L, Abdallah D, Jadayel M, Sinno L, Tamim H, et al. Effect 
of a handshake stewardship program versus a formulary restriction policy 
on High-End antibiotic use, expenditure, antibiotic resistance, and patient 
outcome. J Chemother. 2020;32(7):368–84.

20.	 Robinson ED, Stilwell AM, Attai AE, Donohue LE, Shah MD, Hill BK, et al. Imple-
mentation of a rapid phenotypic susceptibility platform for Gram-Negative 
bloodstream infections with paired antimicrobial stewardship intervention: is 
the juice worth the squeeze? Clin Infect Dis. 2021;73(5):783–92.

21.	 Ronda M, Padulles A, Grau I, Tubau F, Satorra P, Shaw E, et al. Impact of a 
prospective audit and feedback antimicrobial stewardship programme on 
carbapenem consumption: a quasi-experimental study (IPANEMA study). J 
Antimicrob Chemother. 2023;78(7):1705–10.

22.	 Yamada K, Imoto W, Yamairi K, Shibata W, Namikawa H, Yoshii N, et al. The 
intervention by an antimicrobial stewardship team can improve clinical 
and Microbiological outcomes of resistant gram-negative bacteria. J Infect 
Chemother. 2019;25(12):1001–6.

23.	 Jover-Saenz A, Ramirez-Hidalgo M, Belles Belles A, Ribes Murillo E, Batlle 
Bosch M, Cayado Cabanillas J et al. Impact of a primary care antimicrobial 
stewardship program on bacterial resistance control and ecological imprint 
in urinary tract infections. Antibiot (Basel). 2022;11(12).

24.	 Lagace-Wiens PRS, Adam HJ, Poutanen S, Baxter MR, Denisuik AJ, Golden AR, 
et al. Trends in antimicrobial resistance over 10 years among key bacterial 
pathogens from Canadian hospitals: results of the CANWARD study 2007-16. 
J Antimicrob Chemother. 2019;74(Suppl 4):iv22–31.

25.	 Naziri Z, Derakhshandeh A, Soltani Borchaloee A, Poormaleknia M, Azimza-
deh N. Treatment failure in urinary tract infections: A warning witness for 
virulent Multi-Drug resistant ESBL- producing Escherichia coli. Infect Drug 
Resist. 2020;13:1839–50.

26.	 Zanichelli V, Huttner A, Harbarth S, Kronenberg A, Huttner B. Swiss centre 
for antibiotic resistance A. Antimicrobial resistance trends in Escherichia coli, 
Klebsiella pneumoniae and proteus mirabilis urinary isolates from switzer-
land: retrospective analysis of data from a National surveillance network over 
an 8-year period (2009–2016). Swiss Med Wkly. 2019;149:w20110.

27.	 Struelens MJ. The epidemiology of antimicrobial resistance in hos-
pital acquired infections: problems and possible solutions. BMJ. 
1998;317(7159):652–4.

28.	 Canton R, Loza E, Aznar J, Barron-Aduriz R, Calvo J, Castillo FJ, et al. Antimicro-
bial susceptibility trends and evolution of isolates with extended spectrum 
beta-lactamases among Gram-negative organisms recovered during the 
SMART study in Spain (2011–2015). Rev Esp Quimioter. 2018;31(2):136–45.

29.	 Canton R, Loza E, Aznar J, Castillo FJ, Cercenado E, Fraile-Ribot PA, et al. Moni-
toring the antimicrobial susceptibility of Gram-negative organisms involved 
in intraabdominal and urinary tract infections recovered during the SMART 
study (Spain, 2016 and 2017). Rev Esp Quimioter. 2019;32(2):145–55.

30.	 Peragine C, Walker SAN, Simor A, Walker SE, Kiss A, Leis JA. Impact of a com-
prehensive antimicrobial stewardship program on institutional burden of 
antimicrobial resistance: A 14-Year controlled interrupted Time-series study. 
Clin Infect Dis. 2020;71(11):2897–904.

31.	 Gimenez-Perez M, Hernandez S, Padulles A, Boix-Palop L, Grau S, Badia JM, et 
al. Impact of an antimicrobial stewardship program indicator on the appro-
priateness of the empiric antibiotic treatment of urinary source Escherichia 
coli bacteraemia. Int J Antimicrob Agents. 2024;64(2):107202.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.

https://scientiasalut.gencat.cat/bitstream/handle/11351/7722.2/programa_vigilancia_infeccions_relacionades_atencio_sanitaria_catalunya_manual_vincat_2023.pdf?sequence=8%26isAllowed=y
https://scientiasalut.gencat.cat/bitstream/handle/11351/7722.2/programa_vigilancia_infeccions_relacionades_atencio_sanitaria_catalunya_manual_vincat_2023.pdf?sequence=8%26isAllowed=y
https://scientiasalut.gencat.cat/bitstream/handle/11351/7722.2/programa_vigilancia_infeccions_relacionades_atencio_sanitaria_catalunya_manual_vincat_2023.pdf?sequence=8%26isAllowed=y
https://scientiasalut.gencat.cat/bitstream/handle/11351/7722.2/programa_vigilancia_infeccions_relacionades_atencio_sanitaria_catalunya_manual_vincat_2023.pdf?sequence=8%26isAllowed=y
https://catsalut.gencat.cat/ca/proveidors-professionals/vincat/
https://catsalut.gencat.cat/ca/proveidors-professionals/vincat/
https://www.eucast.org/clinical_breakpoints

	﻿Bacteraemia due to ﻿E.coli﻿ in urinary tract infections in adults: a prospective epidemiological study following implementation of guidelines in a regional hospital
	﻿Abstract
	﻿Background
	﻿Methods
	﻿Hospital ASP
	﻿Study design and population
	﻿Endpoints
	﻿Study conduct
	﻿Statistical analysis

	﻿Results
	﻿Study population
	﻿Primary endpoint
	﻿Secondary endpoints

	﻿Discussion
	﻿Conclusions
	﻿References


