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Key facts 
• In 2024, all European Union/European Economic Area (EU/EEA) countries reported data for 2023 to the 

European Antimicrobial Resistance Surveillance Network (EARS-Net). 
• Antimicrobial resistance (AMR) can be expressed as the estimated total incidence of bloodstream 

infections with antimicrobial-resistant bacteria (infections per 100 000 population). 

EU targets on antimicrobial resistance 
• In 2023, the estimated total EU incidence of meticillin-resistant Staphylococcus aureus (MRSA) 

bloodstream infections was 4.64 per 100 000 population (country range 0−15.5). This was 17.6% lower 
than in 2019 (baseline year) and 0.15 per 100 000 population lower than the 2030 target of 4.79 per 
100 000 population. For the EU overall, a statistically significant decreasing trend was detected between 
2019 (baseline year) and 2023. 

• The estimated total EU incidence of third-generation cephalosporin-resistant Escherichia coli bloodstream 
infections was 10.35 per 100 000 population (country range 0−19.56) in 2023. This was 3.6% lower than 
in 2019 (baseline year) and 0.68 per 100 000 population higher than the 2030 target of 9.67 per 100 000 
population. For the EU overall, there was no statistically significant trend detected between 2019 (baseline 
year) and 2023. 

• The estimated total EU incidence of carbapenem-resistant Klebsiella pneumoniae bloodstream infections 
was 3.97 per 100 000 population (country range 0.00−21.44) in 2023. This was 57.5% higher than in 
2019 (baseline year) and 1.58 per 100 000 population higher than the 2030 target of 2.39 per 100 000 
population. For the EU overall, a statistically significant increasing trend was detected between 2019 
(baseline year) and 2023. 

• In summary, while the EU target for the incidence of MRSA bloodstream infections had already been 
reached by 2023, the EU incidence of third-generation cephalosporin-resistant E. coli bloodstream 
infections only showed a small decrease compared to 2019 (baseline year) and the EU incidence of 
carbapenem-resistant K. pneumoniae bloodstream infections showed an increase by over 50% compared 
to 2019 (baseline year), which counteracts the target of a 5% reduction by 2030. 

Overall antimicrobial resistance situation in the EU/EEA 
• Data from EARS-Net show that, as in previous years, AMR levels remained high in the EU/EEA in 2023.  
• Increases in the estimated EU incidences of bloodstream infections with resistant bacteria were observed 

not only for two of the above-mentioned AMR-pathogen combinations with an EU target, but also for 
many other bacteria and antimicrobial groups under surveillance, such as antimicrobial-resistant 
K. pneumoniae (other than carbapenem-resistant), vancomycin-resistant Enterococcus faecium and 
piperacillin-tazobactam-, ceftazidime-, and carbapenem-resistant Pseudomonas aeruginosa. 
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Table 3a. Estimated total incidence of bloodstream infections with resistance phenotype (number per 100 000 population) and trend, 2019−2023, 
 as well as the percentage change 2019-2023, by bacterial species and antimicrobial group/agent, EUa (excluding the UK; excluding France for  
results other than Streptococcus pneumoniae) 

Bacterial 
species 

Antimicrobial group/agent 

Estimated incidenceb of isolates from bloodstream infections with resistance phenotype  
(n per 100 000 population) 

 
2019 

(baseline 
year) 

2020 2021 2022 2023 
Trend 
2019-
2023c 

Change 
2019–
2023 
(%)d 

Escherichia 
coli 

Aminopenicillin (amoxicillin/ampicillin) resistance 28.46 24.80 23.89 26.25 28.42 - -0.1 
Third-generation cephalosporin 
(cefotaxime/ceftriaxone/ceftazidime) resistance 10.74 8.88 7.87 9.12 10.35 - -3.6 

Carbapenem (imipenem/meropenem) resistance 0.20 0.10 0.08 0.12 0.14 - -30.0 
Fluoroquinolone 
(ciprofloxacin/levofloxacin/ofloxacin) resistance  16.82 14.34 12.64 14.00 15.70 - -6.7 

Aminoglycoside 
(gentamicin/netilmicin/tobramycin) resistancee 7.17 6.16 5.17 5.76 6.59 - -8.1 

Combined resistance to third-generation 
cephalosporins, fluoroquinolones, and 
aminoglycosidese 

3.81 3.01 2.54 2.89 3.36 - -11.8 

K lebsiella 
pneumoniae 

Third-generation cephalosporin 
(cefotaxime/ceftriaxone/ceftazidime) resistance 7.59 7.26 7.67 7.93 9.25 ↑ +21.9 

Carbapenem (imipenem/meropenem) resistance 2.52 2.77 3.19 3.11 3.97 ↑ +57.5 
Fluoroquinolone 
(ciprofloxacin/levofloxacin/ofloxacin) resistance 7.48 7.24 7.46 7.65 8.83 ↑ +18.0 

Aminoglycoside 
(gentamicin/netilmicin/tobramycin) resistancee 5.07 4.69 5.01 5.11 5.96 ↑ +17.6 

Combined resistance to third-generation 
cephalosporins, fluoroquinolones, and 
aminoglycosidese  

4.46 4.14 4.47 4.52 5.26 ↑ +17.9 

Pseudomonas 
aeruginosa 

Piperacillin-tazobactam resistance 1.77 1.64 1.78 1.99 2.00 ↑ +13.0 
Ceftazidime resistance 1.55 1.42 1.54 1.69 1.72 ↑ +11.0 
Carbapenem (imipenem/meropenem) resistance 1.73 1.65 1.82 1.99 2.01 ↑ +16.2 
Fluoroquinolone (ciprofloxacin/levofloxacin) 
resistance 2.02 1.74 1.82 1.94 1.94 - -4.0 

Aminoglycoside 
(gentamicin/netilmicin/tobramycin) resistancef 1.20 0.62 0.72 0.69 0.79 NA -34.2 

Combined resistance to ≥3 antimicrobial groups 
(among piperacillin-tazobactam, ceftazidime, 
carbapenems, fluoroquinolones and 
aminoglycosides)f 

1.20 0.75 0.93 1.02 1.05 NA -12.5 

Acinetobacter 
species 

Carbapenem (imipenem/meropenem) resistance 2.45 3.32 4.76 3.22 2.98 - +21.6 
Fluoroquinolone (ciprofloxacin/levofloxacin) 
resistance 2.63 3.45 4.92 3.33 3.02 - +14.8 
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Table 3b. Total number of invasive isolates tested (n) and percentage of isolates with AMR phenotype (%) in the EU/EEA, by bacterial species and 
antimicrobial group/agent, population-weighted EU/EEA mean and trend (excluding the UKa; excluding France for results other than 
Streptococcus pneumoniae), 2019–2023 

Bacterial 
species Antimicrobial group/agent 2019 2020 2021 2022 2023 

2023 
EU/EEA 
country 
rangeb 

Trend 
2019–
2023c 

n % n % n % n % n % 

Escherichia coli 

Aminopenicillin (amoxicillin/ampicillin) 
resistance 88 960 57.0 89 697 54.7 91 462 53.4 101 298 53.5 108 036 54.7 32.5−68.9 ↓* 

Third-generation cephalosporin 
(cefotaxime/ceftriaxone/ceftazidime) 
resistance 

118 306 16.8 120 200 15.8 125 295 14.9 136 859 15.4 146 382 16.2 5.6−37.3 ↓* 

Carbapenem (imipenem/meropenem) 
resistance 114 626 0.4 117 786 0.2 120 826 0.2 132 752 0.2 142 744 0.3 0.0−1.8 ↓* 

Fluoroquinolone 
(ciprofloxacin/levofloxacin/ofloxacin) resistance  118 584 26.2 120 803 25.1 125 566 23.3 136 273 23.3 146 415 24.0 10.1−42.9 ↓* 

Aminoglycoside 
(gentamicin/netilmicin/tobramycin) resistanced 117 851 11.4 118 315 11.6 122 632 10.3 133 662 10.3 143 280 10.9 4.5−28.4 ↓* 

Combined resistance to third-generation 
cephalosporins, fluoroquinolones, and 
aminoglycosidesd 

116 444 6.6 116 682 6.2 121 215 5.6 131 184 5.5 140 844 5.9 1.3−17.6 ↓* 

K lebsiella 
pneumoniae 

Third-generation cephalosporin 
(cefotaxime/ceftriaxone/ceftazidime) 
resistance 

33 115 34.8 34 803 35.0 38 866 35.9 43 171 34.1 48 143 34.8 5.7−81.5 - 

Carbapenem (imipenem/meropenem) 
resistance 32 436 10.4 34 483 11.6 37 857 13.6 42 295 12.7 47 570 13.3 0.0−69.7 ↑* 

Fluoroquinolone 
(ciprofloxacin/levofloxacin/ofloxacin) resistance 33 172 34.6 35 065 34.9 38 762 35.2 42 952 33.4 48 056 33.7 7.1−76.9 ↓* 

Aminoglycoside 
(gentamicin/netilmicin/tobramycin) resistanced 32 975 24.7 34 210 24.6 38 053 24.9 42 370 23.5 47 412 23.6 2.6−73.3 ↓* 

Combined resistance to third-generation 
cephalosporins, fluoroquinolones, and 
aminoglycosidesd  

32 618 21.8 33 639 21.8 37 488 22.4 41 584 21.0 46 457 21.0 0.0−64.9 ↓* 

Pseudomonas 
aeruginosa 

Piperacillin-tazobactam resistance 15 015 19.0 16 382 19.0 18 198 19.1 20 058 19.8 21 315 18.5 3.7−54.4 - 
Ceftazidime resistance 15 329 16.5 16 548 15.9 18 358 16.5 20 266 16.9 21 608 15.7 2.8−52.7 - 
Carbapenem (imipenem/meropenem) 
resistance 15 420 19.1 16 934 18.8 18 779 19.2 20 536 20.0 21 844 18.6 3.3−53.4 - 

Fluoroquinolone (ciprofloxacin/levofloxacin) 
resistance 15 561 21.6 16 840 20.4 18 704 19.6 20 467 19.4 21 861 17.9 5.9−52.0 ↓* 

Aminoglycoside 
(gentamicin/netilmicin/tobramycin) resistancee 15 466 13.4 9 821 10.2 11 276 9.7 15 278 9.5 16 809 9.5 0.0−46.1 NA 

Combined resistance to ≥3 antimicrobial 
groups (among piperacillin-tazobactam, 
ceftazidime, carbapenems, fluoroquinolones 
and aminoglycosides)e 

14 530 14.4 9 145 14.6 10 676 13.5 14 525 14.5 16 071 13.1 1.6−49.5 NA 
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Key facts 
• In 2024, all European Union/European Economic Area (EU/EEA) countries reported data for 2023 to the 

European Antimicrobial Resistance Surveillance Network (EARS-Net). 
• Antimicrobial resistance (AMR) can be expressed as the estimated total incidence of bloodstream 

infections with antimicrobial-resistant bacteria (infections per 100 000 population). 

EU targets on antimicrobial resistance 
• In 2023, the estimated total EU incidence of meticillin-resistant Staphylococcus aureus (MRSA) 

bloodstream infections was 4.64 per 100 000 population (country range 0−15.5). This was 17.6% lower 
than in 2019 (baseline year) and 0.15 per 100 000 population lower than the 2030 target of 4.79 per 
100 000 population. For the EU overall, a statistically significant decreasing trend was detected between 
2019 (baseline year) and 2023. 

• The estimated total EU incidence of third-generation cephalosporin-resistant Escherichia coli bloodstream 
infections was 10.35 per 100 000 population (country range 0−19.56) in 2023. This was 3.6% lower than 
in 2019 (baseline year) and 0.68 per 100 000 population higher than the 2030 target of 9.67 per 100 000 
population. For the EU overall, there was no statistically significant trend detected between 2019 (baseline 
year) and 2023. 

• The estimated total EU incidence of carbapenem-resistant Klebsiella pneumoniae bloodstream infections 
was 3.97 per 100 000 population (country range 0.00−21.44) in 2023. This was 57.5% higher than in 
2019 (baseline year) and 1.58 per 100 000 population higher than the 2030 target of 2.39 per 100 000 
population. For the EU overall, a statistically significant increasing trend was detected between 2019 
(baseline year) and 2023. 

• In summary, while the EU target for the incidence of MRSA bloodstream infections had already been 
reached by 2023, the EU incidence of third-generation cephalosporin-resistant E. coli bloodstream 
infections only showed a small decrease compared to 2019 (baseline year) and the EU incidence of 
carbapenem-resistant K. pneumoniae bloodstream infections showed an increase by over 50% compared 
to 2019 (baseline year), which counteracts the target of a 5% reduction by 2030. 

Overall antimicrobial resistance situation in the EU/EEA 
• Data from EARS-Net show that, as in previous years, AMR levels remained high in the EU/EEA in 2023.  
• Increases in the estimated EU incidences of bloodstream infections with resistant bacteria were observed 

not only for two of the above-mentioned AMR-pathogen combinations with an EU target, but also for 
many other bacteria and antimicrobial groups under surveillance, such as antimicrobial-resistant 
K. pneumoniae (other than carbapenem-resistant), vancomycin-resistant Enterococcus faecium and 
piperacillin-tazobactam-, ceftazidime-, and carbapenem-resistant Pseudomonas aeruginosa. 
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resistance 15 420 19.1 16 934 18.8 18 779 19.2 20 536 20.0 21 844 18.6 3.3−53.4 - 

Fluoroquinolone (ciprofloxacin/levofloxacin) 
resistance 15 561 21.6 16 840 20.4 18 704 19.6 20 467 19.4 21 861 17.9 5.9−52.0 ↓* 

Aminoglycoside 
(gentamicin/netilmicin/tobramycin) resistancee 15 466 13.4 9 821 10.2 11 276 9.7 15 278 9.5 16 809 9.5 0.0−46.1 NA 

Combined resistance to ≥3 antimicrobial 
groups (among piperacillin-tazobactam, 
ceftazidime, carbapenems, fluoroquinolones 
and aminoglycosides)e 

14 530 14.4 9 145 14.6 10 676 13.5 14 525 14.5 16 071 13.1 1.6−49.5 NA 
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ABSTRACT Colonization by KPC-producing Klebsiella pneumoniae (KPC-Kp) is associ-
ated with the risk of developing KPC-Kp infection. The impact of the time elapsed since
a patient becomes colonized on this risk is not well known. An observational, prospec-
tive, longitudinal cohort study of colonized patients undergoing active rectal culture
screening to rule out KPC-Kp colonization (July 2012 to November 2017). Patients with
a positive culture at inclusion (colonized at start of follow-up) and those with a negative
culture at inclusion who became colonized within 90 days (colonized during follow-up)
were included in the analysis. CART analysis was used to dichotomize variables accord-
ing to their association with infection. Kaplan–Meier infection-free survival curves and
the log-rank test were used for group comparisons. Logistic regression was used to
identify variables associated with KPC-Kp infection. Among 1310 patients included, 166
were colonized at the end of follow-up. Forty-seven out of 118 patients colonized at
start of follow-up developed infection (39.8%) versus 31 out of 48 patients colonized
during follow-up (64.6%; P = 0.006). Variables associated with KPC-Kp infection in the
logistic regression analysis were: colonization detection during follow-up (OR, 2.74; 95%
CI, 1.07 to 7.04; P = 0.03), Giannella risk score (OR, 1.51; 95% CI, 1.32 to 1.73; P ,
0.001), high-risk ward (OR, 4.77; 95% CI, 1.61 to 14.10; P = 0.005) and urological manipu-
lation after admission (OR, 3.69; 95% CI, 1.08 to 12.60; P = 0.04). In 25 out of 31 patients
(80.6%) colonized during follow-up who developed KPC-Kp infection, infection appeared
within 15 days after colonization. The risk of KPC-Kp infection was higher when coloni-
zation is recently acquired during hospitalization. In this prospective study, we con-
cluded that the timing of colonization was a factor to assess when considering empiri-
cal treatment for suspected KPC-Kp infection and prophylaxis or infection control.

IMPORTANCE In this study, it was confirmed that patients who became colonized
during hospitalization had a higher risk of developing KPC-Kp infection than hospi-
talized patients who were already colonized at the start of follow-up. Besides, the
risk of infection in the group of patients who became colonized during follow-up
was greater in the first weeks immediately after colonization was confirmed. Our
findings support the need for designing preventive strategies for patients at the
highest risk of infection development, including those admitted in high-risk hospital
wards and those undergoing urological procedures.
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The KPC-Kp index isolates in our center and some other isolates from this outbreak
were previously characterized by multilocus sequence typing (MLST) as corresponding to
the same clone (ST512) at the reference laboratory of Virgen Macarena University Hospital
of Seville, Spain (18). These isolates were confirmed to be KPC-3 producers and contained
blaSHV-11 and blaTEM-1 genes using PCR with specific primers for class A, B, and D carba-
penemases with subsequent sequencing of the obtained amplicons. The isolates showed
resistance to ampicillin, cephalosporins, aztreonam, quinolones, amikacin, tobramycin, co-
trimoxazole, chloramphenicol, piperacillin-tazobactam, ertapenem, imipenem and mero-
penem. Resistance rates were variable: fosfomycin (69.6%), gentamicin (53.6%), tigecycline
(64.8%) and colistin (66.5%). All tested isolates were sensitive to ceftazidime-avibactam.
Sensitivity to ceftazidime-avibactam was determined by disk diffusion using 14 mg discs
(Oxoid) from 2015 to February 2017 and by SensititreTM EURGNCOL commercial microdi-
lution panels (Thermo ScientificTM, UK) from March 2017 until the end of the study.

Adjusted logistic regression analysis of the association between time of
colonization and KPC-Kp infection. The high-risk ward and high-risk period (from
July 2012 to June 2014) variables were previously established by Treenet (Fig. S2) and
CART (Fig. S3) analyses, respectively, and included in the logistic regression analyses. The
multivariate logistic regression analysis (Table 2) confirmed that becoming colonized dur-
ing follow-up was associated with a higher risk of developing KPC-Kp infection (OR, 2.74;
95% CI, 1.07 to 7.04; P = 0.03) in comparison to patients that were colonized at the start
of follow-up. Other variables associated with a higher risk of developing KPC-Kp infection
were hospitalization in the high-risk ward (OR, 4.77; 95% CI, 1.61-14.10; P = 0.05), manipu-
lation of the urinary tract (OR, 3.69; 95% CI, 1.08-12.60; P = 0.04) and GRS (OR per unit,
1.51; 95% CI, 1.32 to 1.73, P, 0.001).

The Kaplan–Meier curves of KPC-Kp infection-free survival, comparing patients colon-
ized at start of follow-up (day 0) and patients colonized during follow-up, confirmed these
differences (Fig. 2A, log-rank test P = 0.05). Furthermore, the curves showed that the infec-
tion-free survival rates decreased in both groups in the first weeks of follow-up until reach-
ing a plateau. Besides, patients colonized during hospitalization developed infections
mostly before day 50 of follow-up. The evolution of the number of patients at risk of KPC-
Kp infection is shown in Fig. 2A. We observed that 52.1% (25/48) of patients colonized
during follow-up developed an infection within the first 40 days. After this time, 26.1% (6/

FIG 1 Flow chart.
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risk that allows us to design preventive strategies in certain groups of patients tempo-
rally limited to the duration of this time window. For example, we have observed that
a high GRS, being admitted to a high-risk ward, and urological manipulation are also
significantly associated with an increased risk of infection in KPC-Kp-colonized patients.
Our study suggests that in situations of KPC-Kp outbreaks or endemicity appropriate
infection control and preventive measures may be implemented during these time
windows of increased risk of infection (hand wash, frequent culture screen, isolation, li-
mitation of manipulation, and SBD).

Recent European Society of Clinical Microbiology and Infectious Diseases (ESCMID)
consensus guidelines do not recommend routine selective bowel decolonization (SBD)

FIG 2 Kaplan–Meier curves of KPC-Kp infection-free survival between patients colonized at start of follow-up and those colonized during follow-up. (A)
Considering the start of follow-up from the date of the first rectal swab. (B) Considering the start of follow-up from the date of the first positive KPC-Kp
rectal swab. Patients censored before the end of the follow-up period were those who died before developing KPC-Kp infection (see Table 1).
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Table 1
Summary of recommendations

Recommendation Strength of recommendation Level of evidence

Third-generation cephalosporin-resistant Enterobacterales (3GCephRE)
Recommendations on the choice of antibiotic treatment for 3GCephRE
For patients with BSI and severe infection due to 3GCephRE, we recommend a carbapenem

(imipenem or meropenem) as targeted therapy
Strong Moderate

For patients with BSI due to 3GCephRE without septic shock, ertapenem instead of imipenem or
meropenem may be used.

Conditional Moderate

For patients with low-risk, non-severe infections due to 3GCephRE, under the consideration of
antibiotic stewardship, we suggest piperacillin-tazobactam, amoxicillin/clavulanic acid or
quinolones. It may be good practice to consider cotrimoxazole for non-severe cUTI.

Conditional/good practice statement Moderate/expert opinion

For cUTI in patients without septic shock, we conditionally recommend aminoglycosides when
active in vitro for short durations of therapy, or IV fosfomycin.

Conditional/strong Moderate/high

Among all patients with 3GCephRE infections, stepdown targeted therapy following
carbapenems once patients are stabilized, using old BLBLI, quinolones, cotrimoxazole or other
antibiotics based on the susceptibility pattern of the isolate, is good clinical practice.

Good practice statement Expert opinion

We do not recommend tigecycline for infections caused by 3GCephRE. Strong Very low
Among all patients with 3GCephRE infections the new BLBLI are reserved antibiotics for

extensively resistant bacteria and therefore, we consider it good clinical practice to avoid
their use for infections caused by 3GCephRE, due to antibiotic stewardship considerations.

Good practice statement Expert opinion

We suggest that cephamycins (e.g. cefoxitin, cefmetazole, flomoxef) and cefepime not be used
for 3GCephRE infections.

Conditional Very low

For cefoperazone-sulbactam, ampicillin-sulbactam, ticarcillin-clavulanic acid, temocillin and
mecillinam there is insufficient evidence for the management of patients with 3GCephRE
infections at the time of writing and therefore no recommendation can be issued.

No recommendation

Carbapenem-resistant Enterobacterales (CRE)
Recommendations on the choice of antibiotic treatment for CRE
For patients with severe infections due to CRE, we suggest meropenem-vaborbactam or

ceftazidime-avibactam if active in vitro.
Conditional Moderate/low

For patients with severe infections due to CRE carrying metallo-b-lactamases and/or resistant to
all other antibiotics, including ceftazidime-avibactam and meropenem-vaborbactam, we
conditionally recommend treatment with cefiderocol.

Conditional Low

For patients with non-severe infections due to CRE, under the consideration of antibiotic
stewardship, we consider the use of an old antibiotic, chosen from among the in vitro active
on an individual basis and according to the source of infection, as good clinical practice. For
patients with cUTI, we suggest aminoglycosides, including plazomicin, over tigecycline.

Good practice statement/conditional Expert opinion/low

We suggest that tigecycline not be used for BSI and HAP/VAP; if necessary, in patients with
pneumonia, clinicians may use high-dose tigecycline.

Conditional Low

There is no evidence to recommend for or against the use of imipenem-relebactam and
fosfomycin monotherapies for CRE at the time of writing.

No recommendation

Recommendations on combination therapy for CRE
For patients with CRE infections susceptible to and treated with ceftazidime-avibactam,

meropenem-vaborbactam or cefiderocol, we do not recommend combination therapy.
Strong Low

For patients with severe infections caused by CRE carrying metallo-b-lactamases and/or
resistant to new antibiotic monotherapies, we suggest aztreonam and ceftazidime-avibactam
combination therapy.

Conditional Moderate

For patients with severe infections caused by CRE susceptible in vitro only to polymyxins,
aminoglycosides, tigecycline or fosfomycin, or in the case of non-availability of new BLBLI, we
suggest treatment with more than one drug active in vitro. No recommendation for or against
specific combinations can be provided.

Conditional Moderate

We suggest that clinicians avoid carbapenem-based combination therapy for CRE infections,
unless the meropenem MIC is ! 8 mg/L, where high-dose extended-infusion meropenem
may be used as part of combination therapy if the new BLBLI are not used.

Conditional Low

In patients with non-severe infections or among patients with low-risk infections, under the
consideration of antibiotic stewardship, we consider the use of monotherapy chosen from
among the in vitro active old drugs, on an individual basis and according to the source of
infection as good clinical practice

Good practice statement Expert opinion

Carbapenem-resistant Pseudomonas aeruginosa (CRPA)
Recommendations on the choice of antibiotic treatment for CRPA
In patients with severe infections due to difficult to treat CRPA, we suggest therapy with

ceftolozane-tazobactam if active in vitro. Insufficient evidence is available for imipenem-
relebactam, cefiderocol and ceftazidime-avibactam at this time.

Conditional Very low

In patients with non-severe or low-risk CRPA infections, under the consideration of antibiotic
stewardship, we consider it good clinical practice to use the old antibiotics, chosen from
among the in vitro active antibiotics on an individual basis and according to the source of
infection.

Good practice statement Expert opinion

Recommendations on combination therapy for CRPA
Lacking evidence, we cannot recommend for or against the use of combination therapy with the

new BLBLI (ceftazidime-avibactam and ceftolozane-tazobactam) or cefiderocol for CRPA
infections.

No recommendation

When treating severe infections caused by CRPA with polymyxins, aminoglycosides, or
fosfomycin, we suggest treatment with two in vitro active drugs. No recommendation for or
against specific combinations can be provided.

Conditional Very low

In patients with non-severe or low-risk CRPA infections, under the consideration of antibiotic
stewardship, we consider it good clinical practice to use monotherapy chosen from among
the drugs active in vitro, on an individual basis and according to the source of infection.

Good practice statement Expert opinion

(continued on next page)
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Table 1 (continued )

Recommendation Strength of recommendation Level of evidence

Carbapenem-resistant Acinetobacter baumannii (CRAB)
Recommendations on the choice of antibiotic treatment for CRAB
For patients with CRAB susceptible to sulbactam and HAP/VAP, we suggest ampicillin-

sulbactam.
Conditional Low

For patients with CRAB resistant to sulbactam, a polymyxin or high-dose tigecycline can be used
if active in vitro. Lacking evidence, we cannot recommend on the preferred antibiotic.

No recommendation

We conditionally recommend against cefiderocol for the treatment of infections caused by
CRAB.

Conditional Low

Recommendations on combination therapy for CRAB
For all patients with CRAB infections, we do not recommend polymyxin-meropenem

combination therapy or polymyxin-rifampin combination therapy.
Strong High/moderate

For patients with severe and high-risk CRAB infections, we suggest combination therapy
including two in vitro active antibiotics among the available antibiotics (polymyxin,
aminoglycoside, tigecycline, sulbactam combinations).

Conditional Very low

For patients with CRAB infections with a meropenem MIC !8 mg/L, we consider carbapenem
combination therapy, using high-dose extended-infusion carbapenem dosing, as good clinical
practice.

Good practice statement Expert opinion

All carbapenem-resistant Gram-negative bacteria
For pan-resistant CR-GNB (resistant also to polymyxins), treatment with the least resistant

antibiotic/s based on MICs relative to the breakpoints is considered as good clinical practice.
Good practice statement Expert opinion

Abbreviations: BLBLI, b-lactamase/b-lactamase inhibitors; BSI, bloodstream infections; cUTI, complicated urinary tract infections; HAP, hospital-acquired pneumonia; IV,
intravenous; VAP, ventilator-associated pneumonia.

Table 2
Potential in vitro activity of antibiotics against target carbapenem-resistant Gram-negative bacteria and approved indications

CRAB ESBLs CRPA
non-MBL

CRE
non-CP

CRE-KPC CRE-OXA-48 CRE-MBL Current clinical indications/approval

New antibiotics
Ceftolozane-tazobactam No Yes Yes No No No No FDA and EMA approved for cUTI, cIAI, HAP and VAP
Ceftazidime-avibactam No Yes Yes þ/e Yes Yes No FDA and EMA approved for cIAI and cUTI, HAP and

VAP, and (in EMA only) for the treatment Gram-
negative infections in patients with limited
treatment options

Meropenem-vaborbactam No Yes No þ/e Yes No No FDA approved for cUTI, EMA approved for cUTI, HAP
and VAP, and for the treatment Gram-negative
infections in patients with limited treatment
options

Imipenem-cilastatin/
relebactam

No Yes Yes þ/e Yes No No FDA approved for cUTI and cIAI;
EMA approved for HAP and VAP and for BSI with a
suspected respiratory source, and for the treatment
Gram-negative infections in patients with limited
treatment options

Plazomicin No Yes þ/e Yes Yes Yes þ/e FDA approval cUTI, EMA application withdrawn
Eravacycline Yes Yes No Yes Yes Yes Yes FDA and EMA approved for cIAI
Cefiderocol Yes Yes Yes Yes Yes Yes Yes FDA cUTI, HAP and VAP; EMA for the treatment of

infections due to aerobic Gram-negative organisms
in adults with limited treatment options

Old antibiotics
Polymyxins Yes Yes Yes Yes Yes Yes Yes FDA: serious infections caused by susceptible

strains, when less potentially toxic drugs are
ineffective or contraindicated. EMA: treatment of
serious infections due to aerobic Gram-negative
pathogens in patients with limited treatment
options

Aminoglycosides þ/e þ/e þ/e þ/e þ/e þ/e þ/e EMA and FDA: for the treatment of a variety of
bacterial infections

Fosfomycin iv No Yes þ/e þ/e þ/e þ/e þ/e EMA: to treat serious infections when other
antibiotic treatments are not suitable. FDA: under
review

Aztreonam No No þ/e No No No þ/e EMA and FDA: for the treatment of infections
caused by susceptible Gram-negative
microorganisms

Tigecycline Yes Yes No Yes Yes Yes Yes EMA and FDA: complicated SSTI and IAI (FDA also
CAP)

Temocillin No Yes No No þ/e No No EMA and FDA: orphan drug status for the treatment
of infections caused by Burkholderia cepacia in
patients with cystic fibrosis

The table presents the spectrum of potential in vitro activity of the listed antibiotics; resistance can develop and treatment should be directed by susceptibility testing.
Abbreviations: BSI, bloodstream infection; CAP, community-acquired pneumonia; cIAI, complicated intra-abdominal infections; CRAB, carbapenem-resistant Acinetobacter
baumannii; CRE non-CP, non-carbapenemase-producing carbapenem-resistant Enterobacterales; CRPA non-MBL, carbapenem-resistant Pseudomonas aeruginosa non-met-
allo-b-lactamase-producing; cUTI, complicated urinary tract infections; EMA, European Medicines Agency; ESBLs, extended-spectrum b-lactmases; FDA, US Food and Drug
Administration; HAP, hospital-acquired pneumonia; MBL, metallo-b-lactamase; SSTI, skin and soft-tissue infections; VAP, ventilator-associated pneumonia.
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ABSTRACT

Introduction: A systematic literature review
was undertaken to evaluate real-world use of
ceftazidime-avibactam for infections due to
aerobic Gram-negative organisms in adults with
limited treatment options.
Methods: Literature searches retrieved peer-re-
viewed publications and abstracts from major
international infectious disease congresses from
January 2015 to February 2021. Results were
screened using pre-defined criteria to limit the

dataset to relevant publications (notable exclu-
sions were paediatric data and outcomes data
for bacteria intrinsically resistant to cef-
tazidime-avibactam). Data for included publi-
cations were subjected to qualitative synthesis.
Results: Seventy-three relevant publications
(62 peer-reviewed articles; 10 abstracts) com-
prising 1926 patients treated with ceftazidime-
avibactam (either alone or combined with other
antimicrobials) and 1114 comparator/control
patients were identified. All patients were hos-
pitalised for serious illness and most had mul-
tiple comorbidities. The most common
infections were pneumonia, bacteraemia, and
skin/soft tissue, urinary tract, or abdominal
infections; smaller numbers of patients with

Supplementary Information The online version
contains supplementary material available at https://
doi.org/10.1007/s40121-021-00507-6.

A. Soriano (&)
Division of Infectious Diseases, Hospital Clı́nic de
Barcelona, Carrer de Villarroel 170, 08036
Barcelona, Spain
e-mail: asoriano@clinic.cat

A. Soriano
Institut D’Investigacions Biomèdiques August Pi I
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meningitis, febrile neutropenia, osteomyelitis,
and cystic fibrosis were also included. Car-
bapenem-resistant or carbapenemase-producing
Enterobacterales (CRE; n = 1718) and car-
bapenem-resistant, multidrug-resistant (MDR),
and extensively drug-resistant Pseudomonas
aeruginosa (n = 150) were the most common
pathogens. Most publications reported positive
outcomes for ceftazidime-avibactam treatment
(clinical success rates ranged from 45 to 100%
and reported 30-day mortality from 0 to 63%),
which were statistically superior versus com-
parators in some studies. ceftazidime-avibactam
resistance emergence occurred infrequently and
mostly in Klebsiella pneumoniae carbapenemase
(KPC)-producing K. pneumoniae strains.
Conclusion: This review provides qualitative
evidence of successful use of ceftazidime-av-
ibactam for the treatment of hospitalised
patients with CRE and MDR P. aeruginosa
infections with limited treatment options.

Keywords: Ceftazidime-avibactam; Gram-
negative bacteria; Limited treatment options;
Carbapenem-resistant Enterobacterales;
Carbapenem-producing Enterobacterales;
Pseudomonas aeruginosa

Key Summary Points

Why carry out this study?

Antimicrobial resistance among Gram-
negative bacteria, including Acinetobacter
species, Enterobacterales, and
Pseudomonas aeruginosa, represents a
significant problem for healthcare systems
worldwide. For regions with high local
prevalence of extended-spectrum b-
lactamase (ESBL)- and carbapenemase-
producing organisms, treatment options
for infections caused by such pathogens
can be severely limited.

A systematic literature review was
undertaken to evaluate real-world use of
ceftazidime-avibactam for infections due
to aerobic Gram-negative organisms in
adults with limited treatment options.

What was learned from the study?

Literature searches identified 73
publications reporting data for 1926
patients treated with ceftazidime-
avibactam and 1114 comparator/control
patients, including 26 case reports, 17 case
series, 15 retrospective cohort/
chart review studies, 12 retrospective
comparative/case-control studies and 2
prospective observational studies.

This review provides important insights
into how ceftazidime-avibactam is being
used in practice for the treatment of
serious Gram-negative infections with
limited treatment options, in particular,
those caused by non-MBL-producing CRE
and P. aeruginosa.

INTRODUCTION

Antimicrobial resistance among Gram-negative
bacteria, including Acinetobacter species, Enter-
obacterales, and Pseudomonas aeruginosa, repre-
sents a significant problem for healthcare
systems worldwide, in particular for resistance
epicentres with high local prevalence of exten-
ded-spectrum b-lactamase (ESBL)- and car-
bapenemase-producing organisms, where
treatment options for infections caused by such
pathogens can be severely limited [1]. The need
for antimicrobial development to address third-
generation cephalosporin-resistant and car-
bapenem-resistant Enterobacterales (CRE) and
P. aeruginosa has been designated a critical pri-
ority by the World Health Organization [2].

Ceftazidime-avibactam, a combination of
the anti-pseudomonal cephalosporin cef-
tazidime and the novel b-lactamase inhibitor
avibactam, has in vitro activity against a broad
range of Gram-negative bacteria, including
highly resistant strains, such as ESBL-, AmpC-,
and serine carbapenemase-producing Enter-
obacterales (CPE) and P. aeruginosa, but not
against metallo-b-lactamase (MBL) producers
[3, 4]. In an extensive phase 2 and 3 randomised
controlled trial (RCT) programme, ceftazidime-
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ABSTRACT First variants of the Klebsiella pneumoniae carbapenemase (KPC), KPC-2 and
KPC-3, have encountered a worldwide success, particularly in K. pneumoniae isolates.
These beta-lactamases conferred resistance to most beta-lactams including carbapenems
but remained susceptible to new beta-lactam/beta-lactamase inhibitors, such as ceftazi-
dime-avibactam. After the marketing of ceftazidime-avibactam, numerous variants of
KPC resistant to this association have been described among isolates recovered from
clinical samples or derived from experimental studies. In KPC variants resistant to ceftazi-
dime-avibactam, point mutations, insertions and/or deletions have been described in
various hot spots. Deciphering the impact of these mutations is crucial, not only from a
therapeutic point of view, but also to follow the evolution in time and space of KPC var-
iants resistant to ceftazidime-avibactam. In this review, we describe the mutational land-
scape of the KPC beta-lactamase toward ceftazidime-avibactam resistance based on a
multidisciplinary approach including epidemiology, microbiology, enzymology, and ther-
modynamics. We show that resistance is associated with three hot spots, with a high
representation of insertions and deletions compared with other class A beta-lactamases.
Moreover, extension of resistance to ceftazidime-avibactam is associated with a trade-off
in the resistance to other beta-lactams and a decrease in enzyme stability. Nevertheless,
the high natural stability of KPC could underlay the propensity of this enzyme to ac-
quire in vivo mutations conferring resistance to ceftazidime-avibactam (CAZavi), particu-
larly via insertions and deletions.

KEYWORDS KPC, ceftazidime-avibactam, epidemiology, stability, spectrum, trade-off,
insertions, deletions, omega loop, KPC beta-lactamase, KPC-2, KPC-3, ceftazidime-
avibactam resistance

Carbapenem resistance in Enterobacterales is a major health issue as it complicates
the therapeutic management of patients, and increases the morbidity and mortal-

ity in case of infection (1–7). A frequent mechanism of resistance relies on the produc-
tion of carbapenemase (8–11).

The most prevalent carbapenemases are KPC, OXA-48, NDM and VIM-types with
large disparities between countries and regions (8–12). Klebsiella pneumoniae carbape-
nemase (KPC) belongs to family of class-A serine beta-lactamases (12–14) and was
found for the first time in 1996 in the United States (15). It is now a common carbape-
nem resistance mechanism among Enterobacterales in many countries including India,
Mediterranean and European countries (5, 10–12, 16).

Historically, the KPC carbapenemases demonstrate a broad substrate profile, including
penicillins, cephalosporins, aztreonam, carbapenems and are resistant to most standard beta-
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found in 61 and 28.7% of meropenem non-susceptible isolates respectively (total of 87 iso-
lates). Other variants have been described from time to time such as KPC-9, -12, -17, -18, -29
and –30 (41) (Fig. 1, Table S1). Unsurprisingly, the variants derived from KPC-2 and KPC-3
have a geographic distribution that overlaps with that of their ancestor.

Genetic background analyses revealed the worldwide spread of KPC was related to
the release of some major clones of K. pneumoniae initially belonging to the ST258 (42)
and more recently to others like ST512 (43–45). Although KPC b-lactamases are more
frequently associated with K. pneumoniae, they are also identified in many other spe-
cies including E. coli, Citrobacter sp., Enterobacter sp., Serratia marcescens, Proteus mira-
bilis, Morganella morganii, as well as in non-fermentative Gram-negative bacilli strains
such as Pseudomonas aeruginosa and Acinetobacter baumannii (16, 46). KPC-type carba-
penemase gene is frequently located on self-conjugative plasmids, variable in size and
number, and often associated with the Tn4401 transposon (type 3) (12, 47), encourag-
ing its worldwide diffusion between species.

In addition to hospital and community dissemination in humans, KPC variants have
been found in domestic, farmed, and wild animals as shown in the review of Köck et al.
published in 2018 which compiles the data of nearly 70 articles (48). In particular, the
KPC genes were found in birds (49, 50) and in chicken meat (51). In addition, other
works showed an environmental diffusion in different sources and, in particular,
aquatic (48, 52). For example, a multi-resistant enterobacteria harboring blaKPC was
found in a mollusk sold on a market in Tunisia (53) or in wastewater in Austria and
Brazil (54). The human origin of these isolates cannot be ruled out. However, this sug-
gests a global diffusion of KPC genes in different environments.

STRUCTURE OF KPC CARBAPENEMASE
KPC enzymes are proteins of 293 amino acids in average, with a molecular weight

of c.a. 32 kDa. Fifty-eight KPC-2 structures, or variants, are currently available in the
Protein Data Bank (https://www.rcsb.org/) (55). They are composed of two subdomains
and the overall folding is similar to that observed in other class A beta-lactamases (13,
56). The first subdomain is composed of 8 alpha helixes, and the second is composed

FIG 1 Geographical distribution of KPC-2 and KPC-3 and their most frequent circulating variants. The data used to generate this figure are listed in
supplementary table 1.
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of 5 antiparallel beta sheets flanked by 3 alpha helixes (56, 57). These two domains
share electrostatic interactions, and hydrogen bridges stabilize the structure. The
active site, located in a pocket at the interface, contains the catalytic S70 residue and
the deacylation water, that is activated when interacting with E166, N170 and S70 (56).

It is worth reminding that the hydrolysis of the amide bond of b-lactam by beta-lac-
tamase involves an acyl-enzyme covalent intermediate close to the O atom of the
invariant serine 70 residue which plays the role of nucleophile. Then, an activated
water molecule attacks the covalent complex, resulting in subsequent hydrolysis of the
bond between b-lactam carbonyl and serine oxygen. This leads to the regeneration of
the active enzyme and the release of the inactive antibiotic b-lactam (58).

In KPC, as in the other Ambler Class-A enzymes, very conserved regions or motifs that
contribute to the catalytic function of the enzyme are identified (13, 14, 59) (Fig. 2).

(i) The first motif is the S70XXK73 sequence containing the main catalytic residue Ser70.
Lys73 which is strictly conserved and connected to the Ser70 by a hydrogen bond is of im-
portance for the enzyme’s function. The active site is delimited by three residues (residues
104, 105 and 240) (60). The W105 residue is important for the ligand recognition (61) and
could favor interactions with substrates such as carbapenems (56).

(ii) The second conserved pattern is the S130D131N132 loop, where Ser130 is probably
involved in proton transfer from Ser70 to the b-lactam nucleus during the acylation step.

(iii) The third motif, the K234T235G236 pattern, is important in the structure since it is
located at the right hand-side of the active site. Crystallographic data indicate that
Ser130 and Lys234 are connected by a hydrogen bond, which would serve as a con-
nection between the two domains of the protein and help stabilize the active site (62).

(iv) The X-loop is a pattern found in all class A beta-lactamases, that contains 16 resi-
dues (from Arg164 to Asp179), including the E166-X-G168L169N170 sequence, in which the
Glu166 and Asn170 residues are important for positioning the water molecule (57, 63).

EMERGENCE OF KPC VARIANTS RESISTANT TO CAZAVI
The first CAZavi-resistant strain was a K. pneumoniae described in 2015, the year

CAZavi was marketed. Surprisingly, this strain was isolated from a patient who had not
received this drug. Resistance was probably due to efflux (64). Since then, most new
KPC-type clinical variants described in the databases are associated with resistance to
CAZavi. Although these resistances remain at low rates in surveillance studies (33, 38,
41, 65), they might increase in the future with the use of CAZavi or other new beta-lac-
tamase inhibitors.

FIG 2 Representative view of the overall KPC-2 fold (PDB 5UL8), showing positions of key active-site
residues and loops. The S70XXK73 motif is colored in red, residues 104–106 and S130D131N132 loop in
magenta, the K234T235G236 pattern in cyan, and the X-loop in blue.
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Attività su KPC 2 di  IMI/REL e CZA 

Ceftazidime-avibactam è stato approvato dalla FDA 
per il trattamento delle infezioni causate da 
Enterobacterales portatrici di bla KPC-2. Tuttavia, 
sono emerse varianti di KPC-2 con sostituzioni di 
aminoacidi in posizione 179 che conferiscono 
resistenza a ceftazidime-avibactam.

In questo studio si è valutata l'attività di IMI, IMI-REL, 
CAZ e CAZ-AVI  rispetto a un gruppo di 19 KPC-2 con  
varianti D179 . (D179N e D179Y) 

Risultati: tutti i ceppi erano sensibili a imipenem-
relebactam, ma resistenti a ceftazidime (19/19) e 
ceftazidime avibactam ( 18/19).

Pappa-Wallace KM. et al. Antibiotics 2023 May 11;12(5):892 

Imipenem-relebactam ha superato la resistenza delle
varianti D179, suggerendo che questa combinazione è
attiva contro gli isolati clinici che producono queste
varianti  di KPC-2
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In teoria, i livelli di procalcitonina in combinazione con la valutazione clinica possono facilitare la 

diagnosi di gravi infezioni batteriche e suggerire l’inizio precoce degli antimicrobici. In una 

metanalisi di 30 studi (3244 pazienti), la procalcitonina aveva una sensibilità del 77% e una 

specificità del 79% per la sepsi nei pazienti critici [128]. 

  Abbiamo identificato prove dirette da tre RCT in cui sono stati confrontati protocolli basati sulla 

procalcitonina per l’inizio degli antibiotici rispetto alle cure abituali [129–131]. Una metanalisi dei 

tre studi (n=1769 pazienti in TI) non ha trovato alcuna differenza nella mortalità a breve termine 

(RR 0,99; 95% CI 0,86-1,15), nella permanenza in TI (MD 0,19 giorni; 95% CI-0,98 a 1,36) o nella 

durata del ricovero (MD 7,00 giorni; 95% CI-26,24 a 12,24). La mortalità a lungo termine, i tassi di 

riammissione e i giorni senza ospedalizzazione non sono stati riportati in nessuno degli studi e non 

sono stati trovati studi rilevanti sui costi associati all’uso della procalcitonina. In generale, la 

conoscenza degli effetti indesiderati era carente e la qualità delle evidenze molto bassa. Le linee 

guida pubblicate per la gestione della polmonite acquisita in comunità raccomandano l’inizio della 

somministrazione di antimicrobici ai pazienti con polmonite acquisita in comunità 

indipendentemente dal livello di procalcitonina [132]. 

   Senza nessun evidente vantaggio, costi indeterminati e disponibilità limitata in alcuni contesti, 

compresi i paesi a basso o medio reddito (LMIC), il panel ha formulato una raccomandazione 

debole contro l’uso della procalcitonina per guidare l’inizio di un trattamento antimicrobico, oltre 

File soggetto a copyright. Sono vietate la copia e la riproduzione, anche parziale, se non autorizzate per iscritto dal titolare del file.



n engl j med 392;11 nejm.org March 13/20, 2025 1065

T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

The authors’ full names, academic de-
grees, and affiliations are listed at the end 
of the article. Dr. Daneman can be con-
tacted at  nick . daneman@  sunnybrook . ca 
or at the Division of Infectious Diseases, 
H-wing, Rm. 259, Sunnybrook Health 
Sciences Centre, University of Toronto, 
2075 Bayview Ave., Toronto, Ontario M4N 
3M5, Canada. Dr. Fowler can be contacted 
at  rob . fowler@  sunnybrook . ca or at the In-
terdepartmental Division of Critical Care, 
D-wing, Rm. 503, Sunnybrook Health Sci-
ences Centre, University of Toronto, 2075 
Bayview Ave., Toronto, Ontario M4N 3M5, 
Canada.

This article was published on November 20, 
2024, at NEJM.org.

N Engl J Med 2025;392:1065-78.
DOI: 10.1056/NEJMoa2404991
Copyright © 2024 Massachusetts Medical Society.

BACKGROUND
Bloodstream infections are associated with substantial morbidity and mortality. 
Early, appropriate antibiotic therapy is important, but the duration of treatment is 
uncertain.

METHODS
In a multicenter, noninferiority trial, we randomly assigned hospitalized patients 
(including patients in the intensive care unit [ICU]) who had bloodstream infec-
tion to receive antibiotic treatment for 7 days or 14 days. Antibiotic selection, 
dosing, and route were at the discretion of the treating team. We excluded patients 
with severe immunosuppression, foci requiring prolonged treatment, single cultures 
with possible contaminants, or cultures yielding Staphylococcus aureus. The primary 
outcome was death from any cause by 90 days after diagnosis of the bloodstream 
infection, with a noninferiority margin of 4 percentage points.

RESULTS
Across 74 hospitals in seven countries, 3608 patients underwent randomization 
and were included in the intention-to-treat analysis; 1814 patients were assigned 
to 7 days of antibiotic treatment, and 1794 to 14 days. At enrollment, 55.0% of pa-
tients were in the ICU and 45.0% were on hospital wards. Infections were acquired 
in the community (75.4%), hospital wards (13.4%) and ICUs (11.2%). Bacteremia 
most commonly originated from the urinary tract (42.2%), abdomen (18.8%), lung 
(13.0%), vascular catheters (6.3%), and skin or soft tissue (5.2%). By 90 days, 261 
patients (14.5%) receiving antibiotics for 7 days had died and 286 patients (16.1%) 
receiving antibiotics for 14 days had died (difference, −1.6 percentage points [95.7% 
confidence interval {CI}, −4.0 to 0.8]), which showed the noninferiority of the 
shorter treatment duration. Patients were treated for longer than the assigned dura-
tion in 23.1% of the patients in the 7-day group and in 10.7% of the patients in the 
14-day group. A per-protocol analysis also showed noninferiority (difference, −2.0 
percentage points [95% CI, −4.5 to 0.6]). These findings were generally consistent 
across secondary clinical outcomes and across prespecified subgroups defined accord-
ing to patient, pathogen, and syndrome characteristics.

CONCLUSIONS
Among hospitalized patients with bloodstream infection, antibiotic treatment for 7 
days was noninferior to treatment for 14 days. (Funded by the Canadian Institutes 
of Health Research and others; BALANCE ClinicalTrials.gov number, NCT03005145.)

A BS TR AC T

Antibiotic Treatment for 7 versus 14 Days  
in Patients with Bloodstream Infections

The BALANCE Investigators, for the Canadian Critical Care Trials Group, the 
Association of Medical Microbiology and Infectious Disease Canada Clinical 

Research Network, the Australian and New Zealand Intensive Care Society Clinical 
Trials Group, and the Australasian Society for Infectious Diseases Clinical 

Research Network
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Table 1. Characteristics of the Patients, Infections, and Pathogens at Baseline (Primary Intention-to-Treat Analysis).*

Characteristic
Overall 

(N = 3608)
7-Day Group 

(N = 1814)
14-Day Group 

(N = 1794)

Male sex — no. (%) 1922 (53.3) 974 (53.7) 948 (52.8)

Median age (IQR) — yr 70 (59–80) 70 (58–80) 70 (59–80)

Median SOFA score on day 0 (IQR)† 4 (2–8) 4 (2–8) 5 (2–8)

Enrolled in ICU — no. (%) 1986 (55.0) 997 (55.0) 989 (55.1)

Enrolled in hospital ward — no. (%) 1622 (45.0) 817 (45.0) 805 (44.9)

Receiving mechanical ventilation — no. (%) 766 (21.2) 374 (20.6) 392 (21.9)

Coexisting conditions — no. (%)

Diabetes mellitus 1148 (31.8) 596 (32.9) 552 (30.8)

Solid-organ cancer 782 (21.7) 400 (22.1) 382 (21.3)

Obesity 655 (18.2) 331 (18.2) 324 (18.1)

Arrhythmia 540 (15.0) 264 (14.6) 276 (15.4)

Glucocorticoid use or immunosuppression‡ 440 (12.2) 230 (12.7) 210 (11.7)

Chronic obstructive pulmonary disease 393 (10.9) 198 (10.9) 195 (10.9)

Renal insufficiency 425 (11.8) 217 (12.0) 208 (11.6)

Coronary artery disease 393 (10.9) 193 (10.6) 200 (11.1)

Congestive heart failure 386 (10.7) 205 (11.3) 181 (10.1)

Liver disease 227 (6.3) 117 (6.4) 110 (6.1)

Peripheral vascular disease 223 (6.2) 107 (5.9) 116 (6.5)

Dialysis dependency 127 (3.5) 60 (3.3) 67 (3.7)

Leukemia or lymphoma 101 (2.8) 49 (2.7) 52 (2.9)

Median Clinical Frailty Scale score (IQR)§ 4 (3–5) 4 (3–5) 4 (3–5)

Any use of procedures to control the source of infection  
— no. (%)¶

1621 (44.9) 795 (43.8) 826 (46.1)

Source of acquisition of bacteremia — no. (%)

Community 2722 (75.4) 1380 (76.1) 1342 (74.8)

Hospital ward 483 (13.4) 231 (12.7) 252 (14.0)

ICU 403 (11.2) 203 (11.2) 200 (11.1)

Source of bacteremia — no. (%)

Urinary tract 1523 (42.2) 757 (41.7) 766 (42.7)

Intraabdominal or hepatobiliary 679 (18.8) 337 (18.6) 342 (19.1)

Lung 469 (13.0) 229 (12.6) 240 (13.4)

Vascular catheter 229 (6.3) 116 (6.4) 113 (6.3)

Skin, soft tissue, or both 187 (5.2) 104 (5.7) 83 (4.6)

Other 67 (1.9) 37 (2.0) 30 (1.7)

Undefined or unknown 454 (12.6) 234 (12.9) 220 (12.3)

Most commonly isolated pathogens in blood cultures  
— no. (%)∥

Escherichia coli 1582 (43.8) 805 (44.4) 777 (43.3)

Klebsiella species 552 (15.3) 273 (15.0) 279 (15.6)

Enterococcus species 250 (6.9) 119 (6.6) 131 (7.3)

Coagulase-negative staphylococci 174 (4.8) 81 (4.5) 93 (5.2)

Pseudomonas species 170 (4.7) 80 (4.4) 90 (5.0)

The New England Journal of Medicine is produced by NEJM Group, a division of the Massachusetts Medical Society.
Downloaded from nejm.org by Tiziana Pasquariello on March 20, 2025. For personal use only. 

 No other uses without permission. Copyright © 2025 Massachusetts Medical Society. All rights reserved.

n engl j med 392;11 nejm.org March 13/20, 2025 1069

Antibiotic Treatment for Bloodstream Infections

The 95.7% confidence interval reflects the exact 
alpha spending incurred in the interim analyses. 
The statistical analysis was conducted in accor-
dance with CONSORT (Consolidated Standards of 
Reporting Trials) guidelines26 and in accordance 
with our protocol20 and publicly available statisti-
cal analysis plan, which were published before we 
knew the trial results. The primary analysis was 
performed in accordance with the intention-to-treat 
principle, but we also conducted a per-protocol 
analysis, which limited the analysis to patients 
receiving treatment within 2 days of their assigned 
duration (i.e., 2 days less to 2 days more than the 
assigned duration),27 and a modified intention-to-
treat analysis, which excluded patients who died 
before day 7 of treatment (i.e., before diver-
gence in the treatment-duration assignment).28 
Adherence to the treatment-duration assignment 
was defined as receipt of adequate antibiotics for 
7±2 days in the shorter duration group and for 
14±2 days in the longer duration group. Prespeci-
fied subgroup analyses were based on the underly-
ing infectious source of the bloodstream infection 
(vascular catheter, lung, urinary tract, abdomen, 
skin and soft tissue, other identified source, or 
unknown source); ICU or non-ICU enrollment; 
community or hospital acquisition of infection; 
gram-positive, gram-negative, or polymicrobial in-

fections; the Acute Physiology and Chronic Health 
Evaluation (APACHE) II score (<25 vs. ≥25; range, 
0 to 71, with higher scores indicating an increased 
risk of death); the Clinical Frailty Scale score (<5 
vs. ≥5; range, 1 to 9, with higher scores indicating 
greater frailty); and vasopressor use on the day 
that the index blood culture was obtained.

Secondary binary outcomes such as death at 
other time points, infection or colonization with 
an antimicrobial-resistant organism, C. difficile in-
fection, and adverse events were evaluated as risk 
differences with 95% confidence intervals. Con-
tinuous secondary outcomes, such as ventilation 
duration, vasopressor duration, and numbers of 
antibiotic-free days, ICU-free days, hospital-free 
days, and vasopressor-free days were compared 
with the use of medians estimated by quantile 
regression. Effect estimates are represented by the 
difference in medians with corresponding 95% 
confidence intervals. Because no correction for 
multiple comparisons was made in the analyses of 
secondary outcomes, confidence intervals are re-
ported instead of P values; however, confidence 
intervals should not be used in place of hypothesis 
testing, and the results should be considered to be 
exploratory.

In a prespecified secondary analysis, we planned 
a generalized linear mixed model to account for 

Characteristic
Overall 

(N = 3608)
7-Day Group 

(N = 1814)
14-Day Group 

(N = 1794)

Streptococcus pneumoniae 164 (4.5) 86 (4.7) 78 (4.3)

Enterobacter species 157 (4.4) 80 (4.4) 77 (4.3)

Proteus species 133 (3.7) 58 (3.2) 75 (4.2)

Serratia species 86 (2.4) 38 (2.1) 48 (2.7)

S. pyogenes 74 (2.1) 39 (2.1) 35 (2.0)

S. agalactiae 75 (2.1) 40 (2.2) 35 (2.0)

Number and type of organisms — no. (%)

Monomicrobial, gram-negative 2562 (71.0) 1299 (71.6) 1263 (70.4)

Monomicrobial, gram-positive 625 (17.3) 323 (17.8) 302 (16.8)

Polymicrobial 421 (11.7) 192 (10.6) 229 (12.8)

*  ICU denotes intensive care unit and IQR interquartile range.
†  Scores on the Sequential Organ Failure Assessment (SOFA) range from 0 to 24, with higher scores indicating more 

severe organ failure.
‡  Immunosuppression included chemotherapy and prednisone or equivalent glucocorticoid use of more than 15 mg per 

day.
§  Scores on the Clinical Frailty Scale range from 1 to 9, with higher scores indicating greater frailty.
¶  One patient in the 14-day group was missing source-control data.
∥  See the Supplementary Appendix for the full list of organisms.

Table 1. (Continued.)
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T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

Table 2. Primary and Secondary Outcomes.

Outcome 
7-Day Group 

(N = 1814)
14-Day Group 

(N = 1794)
Difference 
(95% CI)*

percentage points

Primary outcome, death from any cause by 90 days — no./
total no. (%)

Primary analysis, intention-to-treat population 261/1802 (14.5) 286/1779 (16.1) −1.6 (−4.0 to 0.8)

Secondary analysis, per-protocol population 178/1370 (13.0) 222/1483 (15.0) −2.0 (−4.5 to 0.6)

Modified intention-to-treat analysis, survival ≥7 days 247/1788 (13.8) 272/1765 (15.4) −1.6 (−3.9 to 0.7)

Secondary outcomes

Death in hospital — no. (%)† 168 (9.3) 184 (10.3) −1.0 (−2.9 to 0.9)

Death in ICU — no./total no. (%)‡ 91/1014 (9.0) 97/1008 (9.6) −0.6 (−3.2 to 1.9)

Median no. of days in hospital (IQR) 10 (6–21) 11 (6–22) −1 (−1.5 to −0.5)

Median no. of hospital-free days by day 28 (IQR) 17 (0–21) 15 (0–21) 2 (0.8 to 3.2)

Median no. of days in ICU (IQR)§ 5 (3–11) 5 (3–11) 0 (−0.4 to 0.4)

Median no. of days of vasopressor use (IQR) ¶ 3 (2–5) 3 (2–4) 0

Median no. of days of mechanical ventilation (IQR)∥ 6 (3–14) 5 (2–12) 1 (−0.6 to 2.6)

Relapse of bacteremia — no. (%) 47 (2.6) 39 (2.2) 0.4 (−0.6 to 1.4)

Median no. of antibiotic-free days by day 28 (IQR)** 19 (11–21) 14 (11–14) 5 (4.6 to 5.4)

Antimicrobial-related adverse outcomes — no. (%)

Allergy 14 (0.8) 19 (1.1) −0.3 (−0.9 to 0.3)

Anaphylaxis 1 (0.1) 1 (0.1) 0 (−0.2 to 0.2)

Acute kidney injury 15 (0.8) 17 (0.9) −0.1 (−0.7 to 0.5)

Acute hepatitis 2 (0.1) 4 (0.2) −0.1 (−0.4 to 0.2)

Clostridioides difficile infection — no. (%) 31 (1.7) 35 (2.0) −0.2 (−1.1 to 0.6)

Secondary infection or colonization with antibiotic-resistant 
organisms — no. (%)

173 (9.5) 152 (8.5) 1.1 (−0.8 to 2.9)

Secondary infection or colonization with antibiotic-resistant 
organisms in sterile culture — no. (%)

20 (1.1) 24 (1.3) −0.2 (−1 to 0.5)

*  Differences are expressed as absolute risk differences or, for variables shown as medians, as median differences. A 95.7% confidence in-
terval is shown for the primary analysis (accounting for alpha spending in interim analyses), and 95% confidence intervals are shown for 
the per-protocol analysis, the modified intention-to-treat analysis, and the secondary outcomes. The widths of the confidence intervals 
for secondary outcomes have not been adjusted for multiplicity. The 95% confidence intervals for the median differences were estimated 
with the use of quantile regression.

†  One patient in the 7-day group is still in the hospital.
‡  Deaths in the ICU include patients who were enrolled in the ICU or were admitted to the ICU after the diagnosis of a bloodstream in-

fection.
§  The length of stay in the ICU was evaluated in patients who were enrolled in the ICU or were admitted to the ICU after the diagnosis of  

a bloodstream infection.
¶  Included are data for the patients who received vasopressors at any time after enrollment (722 patients in the 7-day group and 743 patients in 

the 14-day group).
∥  Included are the data for patients who received mechanical ventilation (469 patients in the 7-day group and 488 patients in the 14-day 

group).
**  Data regarding antibiotic-free days are missing for 2 patients in the 14-day group.
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EPIDEMIOLOGIA LOCALE

• Numero sepsi e dati microbiologici
• Dati di resistenza infezioni delle vie urinarie
• Sorveglianza dei batteri multi-resistenti nei tamponi rettali
• Clostridium difficile
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TABELLA DESCRITTIVA CAMPIONE SEPSI 

CARATTERISTICHE GENERALI DEL CAMPIONE (n=203) 
ETA’ MEDIA (MEDIA  DEV. STD.) 78.212.6 

SESSO MASCHI 113 (56%; N=203) 
FEMMINE 90 (44%; N=203) 

MORTALITA’ N=42 (21%; N=203) 
RE-RICOVERI TOTALI 

RE-RICOVERI PER SEPSI 
MORTALITA’ NEL RE-RICOVERO DEI 

PAZIENTI SETTICI 

N=35 (17%; N=203) 
N=12 (34%; N=35) 

 
N=6 (50%; N=12) 

DEGENZA MEDIA (MEDIA  DEV. STD.) 23,5  25,73 giorni (N=203) 
LUNGODEGENZE 

(definite come degenze maggiori di 8 
giorni, valore rappresentante la media 

nazionale) 

N=176 (87%; N=203) 

 
ANAMNESI, COMORBIDITA’, E CONDIZIONI SFAVORENTI LA PROGNOSI 

PORTATORI DI DEVICE, CATETERI, 
STOMIE, PROTESI 

(esclusi accessi periferici) 
N=108 (53%; N=203) 

IPERTENSIONE N=122 (60%; N=203) 
PATOLOGIE NEUROLOGICHE E 

CEREBROVASCOLARI N=84 (41%; N=203) 

CARDIOPATIA ISCHEMICA N=37 (18%; N=203) 
SCOMPENSO CARDIACO N=59 (29%; N=203) 

FUMO N=63 (31%; N=203) 
POTUS N=13 (6%; N=203) 

DIABETE N=55 (27%; N=203) 
FIBRILLAZIONE ATRIALE CRONICA N=54 (27%; N=203) 

BPCO N=38 (19%; N=203) 
EPATOPATIA N=26 (13%; N=203) 

MICI N=1 (0,5%; N=203) 
INSUFFICIENZA RENALE N=59 (29%; N=203) 

MALATTIE EMATOLOGICHE N=34 (17%; N=203) 
MALATTIE DEL SISTEMA IMMUNITARIO N=4 (2%; N=203) 

SPLENECTOMIA N=2 (1%; N=203) 
MALATTIE REUMATOLOGICHE N=31 (15%; N=203) 

TIREOPATIA N=26 (13%; N=203) 
DERMOPATIA N=7 (3,4%; N=203) 

INFEZIONE DA COVID ATTIVA IN CORSO 
DI DEGENZA N=14 (6,8%; N=203) 

SOVRAINFEZIONI IN CORSO DI 
DEGENZA 

N=26 (13%; N=203) 
CLOSTRIDIUM DIFFICILIS 9 (N=26) 

CRE 3 (N=26) 
ESCHERICHIA COLI 3 (N=26) 

KLEBSIELLA SPP 3 (N=26) 
STAPHYLOCOCCUS SPP 2 (N=26) 

ENTEROCOCCO SPP 2 (N=26) 
MRSE 1 (N=26) 

CANDIDA ALBICANS 1 (N=26) 
PROTEUS MIRABILIS 1(N=26) 

ENTEROBACTER 1 (N=26) 
ACINETOBACTER 1 (N=26) 

SEPSI OSPEDALE SAN PAOLO SAVONA
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SEPSI OSPEDALE SAN PAOLO SAVONA
CHEMIOTERAPIA RECENTE O 

CONCOMITANTE AL RICOVERO N=3 (1,5%; N=203) 

TERAPIA CORTISONICA SISTEMICA IN 
CORSO N=40 (20%; N=203) 

TERAPIA CORTISONICA INALATORIA IN 
CORSO N=28 (14%; N=203) 

PROCEDURE CHIRURGICHE / 
INTERVENTIVISTICHE DURANTE IL 

RICOVERO 
N=15 (7%; N=203) 

 
CARATTERISTICHE INFETTIVOLOGICHE E MICROBIOLOGICHE 

SOFA SCORE (MEDIA  DEV. STD.) 3,90,71 

SPETTRO DEI PATOGENI 

GRAM + 113 ESCHERICHIA spp 78 
GRAM - 143 STAFILOCOCCO spp 63 
VIRUS 3 ENTEROCOCCO spp 25 

FUNGHI 10 NON NOTO 18 
PROTOZOI 1 STREPTOCOCCO spp 13 
PARASSITI 1 KLEBSIELLA spp 13 
TOT specie 
identificate 171 specie ENTEROBACTER spp 6 

 

CANDIDA spp 5 
ACINETOBACTER spp 5 

CLOSTRIDIUM spp 4 
PROTEUS spp 3 

PSEUDOMONAS spp 3 
SARS-COV-2 3 

CORYNEBACTERIUM spp 3 
LIMOSILACTOBACILLUS 

spp 2 

BACTEROIDES spp 2 
PANTOEA spp 2 

STENOTROPHOMONAS 
spp 1 

MORAXELLA spp 1 
MORGANELLA spp 1 
LEISHMANIA spp 1 

 

ISOLAMENTO DAI CAMPIONI 
MICROBIOLOGICI 

EMOCOLTURE 236 
URINOCOLTURE 19 

TAMPONE RETTALE 2 
ANTIGENE URINARIO 3 

BAS 2 
PORTH 2 

TAMPONE FERITA 1 
CATETERE 1 

FECI 2 
CVC 2 

DRENAGGIO PERCUTANEO 
COLECISTI 2 

 

ORIGINE DELLA SEPSI 

ORIGINE SCONOSCIUTA 63 
IVU 57 
CAP 35 

VIE BILIARI 5 

File soggetto a copyright. Sono vietate la copia e la riproduzione, anche parziale, se non autorizzate per iscritto dal titolare del file.



 

Sistema Gestione Qualità Aziendale 

PQ… NNNN 
Rev. n del gg/mm/aa 

Pag. 1/13 

RACCOMANDAZIONI SUL 
TRATTAMENTO DELLE INFEZIONI  

DELLE VIE URINARIE NELL'ADULTO 
 

 

Questo documento è di proprietà dell’ASL2  Sistema Sanitario Regione Liguri. 
Ogni riproduzione, se non autorizzata esplicitamente dalla Direzione Generale o suo delegato è vietata. 

Indice 
 
1. Scopo ..................................................................................................................................... 2 
2. Responsabilità ........................................................................................................................ 3 
3. Documenti .............................................................................................................................. 3 
4. Definizioni ............................................................................................................................... 3 
5. Contenuto ............................................................................................................................... 4 

5.1 Definizioni e clinica .......................................................................................................................... 4 
5.2 Classificazione ................................................................................................................................. 5 
5.3 Inquadramento clinico secondo un criterio di severità ..................................................................... 6 
5.4 Dati di epidemiologia locale ............................................................................................................. 7 
5.5 Terapia antibiotica ........................................................................................................................... 9 
5.6 Precisazioni sulla terapia ............................................................................................................... 11 
5.7 IVU in gravidanza .......................................................................................................................... 12 
5.8 IVU ricorrenti .................................................................................................................................. 12 
5.9 Follow- up ...................................................................................................................................... 13 

 
 
Redazione Funzione 

Dr. Giovanni Riccio 
 

Verifica Funzione 
Nominativo 
 

Approvazione Funzione) 
Nominativo 
 

Data di applicazione  
  

 
L’avvenuto iter di approvazione del documento è attestato dall’apposizione del 

logo “sole/onda” in prima pagina del documento 
 

 

 

Sistema Gestione Qualità Aziendale 

PQ… NNNN 
Rev. n del gg/mm/aa 

Pag. 7/13 

RACCOMANDAZIONI SUL 
TRATTAMENTO DELLE INFEZIONI  

DELLE VIE URINARIE NELL'ADULTO 
 

 

Questo documento è di proprietà dell’ASL2  Sistema Sanitario Regione Liguri. 
Ogni riproduzione, se non autorizzata esplicitamente dalla Direzione Generale o suo delegato è vietata. 

" In donne senza patologie di base con segni e sintomi tipici di IVU e in assenza di perdite e prurito 
vaginale, è lecito porre una diagnosi clinica di IVU senza ricorrere all’urinocoltura. 

 

"  Per l’esecuzione dell’urinocoltura deve essere raccolto il mitto intermedio o le urine da catetere; in 
presenza di catetere vescicale da >15 giorni, sostituire il catetere vescicale prima di raccogliere l'urina. 

 

" la presenza di urine maleodoranti o torbide in assenza di altri segni clinici o bioumorali, non è un 
criterio per eseguire un’urinocoltura. 

 
N.B. Nei pazienti portatori di catetere vescicale non è indicata l’esecuzione routinaria di urinocoltura.  
 
L’urinocoltura può essere considerata in presenza di: 
 - febbre di nuova insorgenza, alterazioni del sensorio o sopore, malessere generale senza altra 
spiegazione; 
 - ematuria di nuova insorgenza; 
 - discomfort pelvico; 
 - peggioramento della spasticità o della disreflessia autonomica nei pazienti con lesioni midollari. 
  
" Le emocolture (almeno due set) devono essere eseguite se T°> 38°C o T°< 36°C, o eventualmente 
anche in apiressia se vi è il sospetto clinico elevato di urosepsi. 
 

" la punta del catetere vescicale non rappresenta un campione idoneo per la diagnosi        
microbiologica. 

   

5.4  DATI DI EPIDEMIOLOGIA LOCALE 
 
Da gennaio ad ottobre 2018 presso la S.S.D. Microbiologia dell'ASL2 Savonese sono stati analizzati 22500 
campioni di urinocoltura (16000 esterne e 6500 interne), 7500 sono risultate positive considerando valori > 
500.000 UFC/ml → 5600 interne e 1900 esterne. 
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N.B. La somma del totale è superiore al 100% poiché alcuni campioni sono risultati positivi per 
più patogeni. 
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REQUISITI FONDAMENTALI DI ANTIBIOTIC 
STEWARDSHIP

ØAntibiotic stewardship team
ØUn infettivologo (almeno)
ØFarmacista con competenze 

infettivologiche
ØMicrobiologo
ØDirettore sanitaria/rischio clinico
Ø Informatico
ØGoverno clinico

Ø Report microbiologico a 
cadenza fissa su batteri 
«sentinella»

Ø Report a cadenza fissa sul 
consumo degli antibiotici
Ø Stratificato per reparti
Ø Valutato sul territorio
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Ospedale

Residenze 
Sanitarie 
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infezioni delle vie 
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batteri multi-resistenti 
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Sospetta o accertata

SITO DI INFEZIONE

Azioni di Antibiotic Stewardship
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ü Applicazione della TDM nella pratica
ü Ospedalizzazione diurna

ü Terapie antibiotiche nelle dodici ore
ü Aumento disponibilità posti letto di degenza ordinaria
ü Risparmio costi degenza 
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