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s u m m a r y

Objectives: Bacteremia caused by carbapenem-resistant Acinetobacter baumannii (CRAB) is associated with 
high morbidity and mortality. The primary objective was to identify clinical and therapeutic factors asso
ciated with 14- and 30-day mortality following infection onset.
Methods: This was a prospective, observational, multicenter study conducted across 52 Italian centers. Over 
an 18-month period, adult hospitalized patients with CRAB bacteremia were enrolled.
Results: Among 398 patients with CRAB bacteremia, sources were mainly CVC-related or primary, with 
14- and 30-day mortality rates of 22% and 27% respectively. Cox regression analysis identified male sex 
(p=0.006), and chronic kidney disease (p=0.016) as independent predictors of 14-day mortality, while 
colistin-containing regimen (p=0.014), and cefiderocol-containing-regimen (p < 0.001) were associated 
with 14-day survival; male sex (p=0.027), septic shock (p=0.018), previous colonization by A. baumannii 
(p < 0.001), and tigecycline-containing regimen (p=0.021) were independent predictors of 30-day 
mortality, while cefiderocol-containing-regimen (p < 0.001) was associated with 30-day survival. 
Propensity score matching revealed that cefiderocol was significantly associated with 14-day survival 
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and clinical success. The combination of cefiderocol plus Fosfomycin was also significantly associated 
with clinical success.
Conclusion: Our findings highlight key clinical and therapeutic determinants of mortality and survival in 
patients with CRAB bacteraemia, providing valuable insights for improving the management of this chal
lenging infection.
© 2026 The Author(s). Published by Elsevier Ltd on behalf of British Infection Association. This is an open 

access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

Introduction

According to the World Health Organization, carbapenem-resistant 
Acinetobacter baumannii (CRAB) is one of the most critical and high- 
priority nosocomial pathogens worldwide, due to its extensive re
sistance profile and high associated morbidity and mortality rates.1–3

Infections caused by multidrug-resistant CRAB are associated 
with morbidity and mortality rates up to four times higher than 
those of other multidrug-resistant (MDR) pathogens.4,5 Specifically, 
bacteremia due to CRAB is associated with mortality rates as high as 
60%.6,7 Recent data from the ALARICO study in Italy further em
phasize the excess mortality linked to CRAB bacteremia compared to 
other Gram-negative pathogens.8 These findings are alarming for 
clinicians, given the limited therapeutic options available for 
managing such infections. Resistance to many antibiotics such as 
penicillins, cephalosporins, trimethoprim/sulfamethoxazole, fluor
oquinolones, aminoglycosides, carbapenems, and colistin make 
these infections difficult-to-treat.9

New molecules, like cefiderocol, used as mono or combination- 
therapy with a synergistic effect were recently available and are active 
against this pathogen.10–12 Clinical trials have demonstrated that cefi
derocol is as effective as best available therapy including colistin for 
treating severe Gram-negative infections, including ventilator-asso
ciated pneumonia (VAP) and bacteremia. These findings have also been 
corroborated by real-world data.13,14 In addition, many other drugs that 
have demonstrated synergism in vitro but also clinical effectiveness 
such as fosfomycin and ampicillin/sulbactam are still being eval
uated.15–18 Nonetheless, despite these therapeutic advancements, the 
reasons behind the persistently high mortality rates in patients with 
CRAB bloodstream infections remain poorly understood.

The ITACA study was designed to identify predictors of 14- and 
30-day mortality and to assess the effectiveness of different ther
apeutic regimens in a large prospective cohort of patients with CRAB 
bacteremia across Italy.

Materials and methods

Study design and patient selection

This was an observational, prospective, multicenter study that 
included hospitalized patients with bloodstream infections caused 
by CRAB from March 2023 to September 2024 in 52 hospitals in 14 
different Italian Regions.

Patients were eligible for the study if: 1) aged ≥18 years, 2) had 
blood cultures (collected at the onset of infection symptoms) posi
tive from CRAB in the absence of other isolates related to the de
velopment of infection (monomicrobial BSI), 3) presented 
concomitant signs and symptoms related to CRAB infection, and 4) 
were treated for at least 24 h from the onset of infection.

Blood cultures were collected at the onset of infection symptoms.
Patients were excluded if they died within 24 h from the onset of 

infection or had other concomitant infections.
The study was conducted according to the principles stated in the 

Declaration of Helsinki and has been approved by local ethics 
committees. Collected data were anonymized and informed consent 
was obtained when possible.

Procedures

Each center received a case report form (CRF). Patients were assigned 
to a sequential number, and their data were retrieved from medical 
records during hospitalization. Subsequently, each case was uploaded 
into an online platform (REDCap) anonymously with the name of the 
participating center and a sequential number. The data were then re
viewed by the principal investigator from coordinating center. Data 
discrepancies, outliers and missing data were discussed with the in
vestigators at each site after the study period, at the data cleaning step.

The following data were examined: demographic data; comorbid 
conditions; clinical and laboratory findings; microbiological data in
cluding the colonization at the time of admission by A. baumannii, the 
day of blood culture positivity, the origin of bacteremia by CRAB, the 
antibiotic susceptibility pattern for each microbiological isolate and the 
duration of blood culture positivity; were collected information about 
the hospital ward and length of stay; treatments and procedures (e.g., 
non-invasive ventilation [NIV], mechanical ventilation, continuous 
renal replacement therapy [CRRT], extracorporeal membrane oxyge
nation [ECMO]) performed during admission; antibiotic regimens used 
for CRAB infection, including dosage, formulation and duration of an
tibiotic therapy; sequential assessment of organ failure (SOFA) at the 
time of infection; 14- and 30-day mortality.

Definition of clinical failure, other definitions, and micro
biological identification according with protocol are reported in 
Supplementary material.

Outcomes

The primary outcome was all-causes 30-day mortality following 
the development of CRAB bacteremia.

Secondary outcomes included all-cause mortality at 14 days and 
the clinical effectiveness of targeted antibiotic regimens.

Statistical analysis

Continuous variables were reported as median and interquartile 
range (IQRs, 25%–75%) or mean with standard deviation ( ± SD) ac
cording to normal distribution. The normality of distributions was 
evaluated using the Kolmogorov-Smirnov test. To detect significant 
differences between groups, we used Chi-square tests or Fisher’s exact 
tests for categorical variables, and the 2-tailed Student’s t-test or 
Mann-Whitney U test for continuous variables, when appropriate. In a 
multivariate analysis of survival, the Cox regression model adjusted 
for confounding factors including sex and age was tested using a 
proportional hazards model analysis with backward stepwise selec
tion and p < 0.05 for all variables, to identify factors independently 
associated with 30-day survival and determine the effects of all 
clinical and therapeutic variables on 30-day survival. Adjusted hazard 
ratios (HR) and 95% confidence intervals (CIs) were reported. 
Kaplan–Meier curves were used to determine in-hospital survival in 
patients treated with the antibiotic regimens. Survival curves for 
time-to-event variables, constructed using Kaplan–Meier estimates, 
were based on all available data and were compared using the log- 
rank test. Wald confidence intervals and tests for HR were computed 
based on the estimated standard errors. Possible confounding factors 
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and interactions were weighted during analysis. Statistical sig
nificance was established at ≤0.05. All reported P-values are 2-tailed. 
The results obtained were analyzed using commercially available 
statistical software package (SPSS, version 20.0; SPSS Inc, Chicago, 
Illinois).

Propensity score matching (PSM) analyses were conducted for 
each antibiotic or antibiotic combination as targeted therapy. 
Propensity scores were estimated using logistic regression models 
including covariates selected based on previous literature, biological 
plausibility, and the number of observed events. These covariates 

comprised cardiovascular disease, diabetes mellitus, chronic kidney 
disease, chronic corticosteroid therapy, septic shock, presence of 
multiple comorbidities, and CRRT. In cases of model instability due 
to quasi-complete separation, selected covariates were excluded.

Patients were matched 1:1 using nearest-neighbor matching 
with a caliper of 0.05. The average treatment effect (ATE) was cal
culated for each outcome (14-day mortality, 30-day mortality, and 
clinical failure). A negative ATE was considered indicative of a pro
tective association. Covariate balance and common support were 
assessed for all models.

Table 1 
Univariate analysis of survivors vs. non-survivors at 30 days. 

Variables Survivors n=291 Non survivors n=107 p-value

Anamnestic characteristics
Age, years (mean) 60.87 ± 9.17 61.15 ± 6.04 0.879
Male, sex 94 (32.3%) 46 (43.5%) 0.058
Previous surgery (30 days) 148 (50.9%) 50 (46.7) 0.498
> 2 Comorbidities 198 (68%) 84 (78.5%) 0.047
Charlos Comorbidity Index, mean ( ± SD) 5.35 ( ± 3.8) 6.15( ± 3.04) 0.401
Heart failure 177 (60.8%) 67 (62.6%) 0.817
Chronic kidney disease 52 (17.9%) 28 (26.2%) 0.090
Diabetes 98 (33.7%) 32 (29.9%) 0.547
Dyalisis 21 (7.2%) 3 (2.8%) 0.152
Cirrhosis 31 (10.7%) 15 (14%) 0.378
COPD 64 (22%) 36 (33.6%) 0.019
Immunosuppressive therapy 38 (21.1%) 30 (36.3%) 0.010
Neurologic disease 92 (32.7%) 35 (32.7%) 1.000
Vasculitis 18 (6.2%) 14 (13.1%) 0.036
Solid neoplasm 43 (14.8%) 15 (14.3%) 1.000
Hematological neoplasm 15 (5.2%) 4 (3.8%) 0.791
Previous CRAB colonization or infection (60 days) 40 (13.7%) 28 (26.2%) 0.006
Previous antibiotic therapy (30 days) 165 (56.7%) 76 (71.0%) 0.011
Previous steroid therapy (30 days) 19 (6.5%) 17 (15.9%) 0.006
COVID 19 20 (6.9%) 13 (12.1%) 0.102
Clinical characteristics at time of infection
APACHE, mean ( ± SD) 36.17 ( ± 8.13) 39.84 ( ± 8.29) 0.491
SAPS II, mean ( ± SD) 31.07 ( ± 19.45) 41.88 ( ± 2.57) 0.006
SOFA, mean ( ± SD) 5.14 ( ± 3.10) 7.00( ± 3.65) < 0.001
QSOFA, mean ( ± SD) 1.41( ± 0.94) 1.89 ( ± 1.12) 0.406
Fever 199 (68.4%) 71 (66.4%) 0.718
Septic shock 94 (32.3%) 53 (49.5%) 0.002
ECMO 4 (1.4%) 3 (2.8%) 0.392
CRRT 25 (8.6%) 15 (14.0%) 0.132
Multisite colonization 41 (14.1%) 16 (15.0%) 0.872
Origin of bacteremia
Primary bacteremia 65 (22.3%) 42 (39.3%) 0.001
CVC-related bacteremia 81 (27.8%) 33 (30.8%) 0.617
HAP 52 (17.9%) 16 (15%) 0.550
VAP 67 (23.0%) 23 (21.5%) 0.788
Intra-abdominal infection 13 (4.5%) 5 (4.7%) 1.000
Urinary tract infection 23 (7.9%) 2 (1.9%) 0.034
Multisite 30 (10.3%) 12 (11.2%) 0.854
Laboratory findings
CRP, mean gm/l ( ± SD) 23.7 ( ± 33.7) 71.7 ( ± 90.57) 0.395
PCT, mean ng/ml( ± SD) reduction of PCT values less than 50% 12.3 ( ± 39.1) 11.33 ( ± 25.15) 0.805
Lactates serum, mean mmol/l ( ± SD) 2.39 ( ± 3.04) 3.72 ( ± 6.05) 0.051
Therapeutic regimens
Inappropriate empirical therapy 202 (69.4%) 77 (72%) 0.711
Tigecycline in targeted therapy 26 (8.9%) 17 (15.9%) 0.067
Fosfomycin in targeted therapy 39 (13.4%) 15 (14%) 0.870
Colistin in targeted therapy 46 (15.8%) 23 (21.5%) 0.183
Cefiderocol in targeted therapy 158 (54.3%) 53 (49.5%) 0.429
Ampicillin/Sulbactam in targeted therapy 53 (18.2%) 29 (27.1%) 0.068
Time to targeted therapy, mean days ( ± SD) 3.5 ( ± 1.7) 3.7 ( ± 1.9) 0.782
Clinical characteristics at 72 h after the start of therapy
Adequate source-control of infection 175 (60.1%) 53 (49.5%) 0.067
Negative follow-up blood culture 133 (75.1%) 41 (65.1%) 0.140
Fever 41 (14.1%) 26 (24.3%) 0.023
Respiratory improvement 207 (71.1%) 37 (34.9%) < 0.001
PCT  < 50% 180 (61.9%) 42 (39.3%) < 0.001

COPD, chronic obstructive pulmonary disease; CVC, central venous catheter; CRRT, continuous renal replacement therapy; ECMO, extracorporeal membrane 
oxygenation; HAP, hospital-acquired pneumonia; VAP, ventilator-associated pneumonia; SOFA, sequential organ failure assessment; PCT, procalcitonin; 
APACHE, Acute Physiologic Assessment and Chronic Health Evaluation; SAPS, Simplified Acute Physiology Score; SOFA, sequential organ failure assessment; 
qSOFA, quick sequential organ failure assessment; CRP, C-reactive protein; PCT, procalcitonin.
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See supplementary material for additional information.

Results

A total of 398 patients from 52 centers were enrolled during the 
study period. Of these, 258 (64.9%) were female. The mean age was 
60 years ( ± 9.17), and the mean Charlson Comorbidity Index was 5 
( ± 3.8). Previous CRAB colonization or infection was reported in 68 
patients (17%), while 241 (60%) had received prior antibiotic therapy. 
Septic shock occurred in 147 patients (36%); vasopressors were used 
in 108 (27%), and 7 patients (1%) underwent ECMO.

The source of bacteremia was CVC-related in 28.6% (n=114) of 
patients, primary in 26.8% (n=107), ventilator-associated pneumonia 
in 22.6% (n=90), secondary to hospital-acquired (non-VAP) pneu
monia in 17% (n=68). The most frequently administered agents were 
cefiderocol used in 211/398 (53%) of patients, ampicillin/sulbactam 
in 82/398 (20.6%), colistin in 69/398 (17.3%), tigecycline in 43/398 
(10.8%), fosfomycin in 54/398 (13.5%) and meropenem in 65/ 
398 (16.3%).

Overall, 107 patients (26.8%) died within 30 days of infection 
onset, and 89 (22.3%) died within 14 days.

Table 1 reports the univariate analysis of variables associated 
with 30-day mortality. Compared to survivors, non-survivors more 
frequently had ≥2 comorbidities (78.5% vs. 27.3%, p=0.047), prior 
CRAB colonization or infection (26.2% vs. 13.7%, p=0.006), and prior 
antibiotic therapy (71% vs. 56.7%, p=0.011). Primary bacteremia was 

significantly more common in non-survivors (39.3% vs. 22.3%, 
p=0.001), while urinary tract infection was more frequently the 
source in survivors (7.9% vs. 1.9%, p=0.034). At 72 h after the initia
tion of active therapy, non-survivors more often had persistent fever 
(24.3% vs. 14.1%, p=0.023); in contrast, survivors more frequently 
showed respiratory improvement (71.1% vs. 34.9%, p < 0.001) and a 
reduction in procalcitonin (PCT) values by ≥50% (61.9% vs. 39.3%, 
p < 0.001).

Fig. 1 shows the source of bacteremia in survivors compared to 
non-survivors at 30-day.

Table 2 presents the Cox regression analysis of factors in
dependently associated with 14- and 30-day mortality. Male sex (HR 
1.98, 95%CI 1.21–3.23, p=0.006), and chronic kidney disease (HR 1.75, 
95%CI 1.18–3.12, p=0.016) resulted as independent predictors of 14-day 
mortality, while colistin-containing regimen (HR 0.35, 95%CI 0.15–0.81, 
p=0.014), and cefiderocol-containing-regimen (HR 0.27, 95%CI 
0.15–0.48, p < 0.001) were associated with 14-day survival; male sex 
(HR 1.54, 95%CI 1.05–2.26, p=0.027), septic shock (1.61, 95%CI 1.09–2.4, 
p=0.018), previous colonization by A. baumannii (HR 2.356, 95%CI 
1.726–4.34, p < 0.001), and tigecycline-containing regimen (HR 2.08, 
95%CI 1.11–3.87, p=0.021) were independent predictors of 30-day 
mortality, while cefiderocol-containing-regimen (HR 0.34, 95%CI 
0.22–0.53, p < 0.001) was associated with 30-day survival.

Table 3 reports the univariate analysis of variables associated 
with 14-day mortality. Compared to non-survivors, survivors were 
more frequently treated with cefiderocol-containing regimens 
(58.9% vs. 32.6%, p < 0.001), underwent adequate source control 
within 72 h (62.8% vs. 38.2%, p < 0.001), had a first negative follow- 
up blood culture (75.3% vs. 4.0%, p=0.008), showed respiratory im
provement (73.7% vs. 19.1%, p < 0.001), and experienced a reduction 
in procalcitonin (PCT) values ≥50% (66.7% vs. 18%, p < 0.001).

In Table 4 are reported therapeutic regimens associated with 14-, 
30-day mortality and clinical failure after propensity score matching. 
At 14 days and for clinical failure cefiderocol was associated with 
survival (p < 0.001) and clinical success (p < 0.001), respectively. A 
therapeutic regimen containing cefiderocol plus fosfomycin was 
significantly associated with clinical success (p=0.024).

Finally, The Fig. 2 shows Kaplan–Meier curves about 30-day 
mortality in patients treated or not treated with cefiderocol 
(p < 0.001).

In supplementary material are reported: S-Table 1 about covari
ates balancing before and after propensity score matching (cefider
ocol-treated vs. not-treated); S-Table 2 about covariates balancing 
before and after propensity score matching (cefiderocol plus fosfo
mycin treated vs. not-treated); S-Tables 3–7 about covariate balance 

Fig. 1. Survivors vs. non-survivors at 30 days, source of bacteremia. *primary bacteremia: p < 0.001. CVC, central venous catheter; VAP, ventilator associated pneumonia. 

Table 2 
Cox regression analysis about risk factors associated with 14- and 30-day mortality. 

Variables HR 95%CI 
lower

95%CI 
upper

p-value

14-day mortality
Male sex 1.98 1.21 3.23 0.006
Chronic kidney disease 1.75 1.18 3.12 0.016
Colistin-containing regimen 0.35 0.15 0.81 0.014
Cefiderocol-containing 

regimen
0.27 0.15 0.48 < 0.001

30-day mortality
Male sex 1.54 1.05 2.26 0.027
Septic shock 1.61 1.09 2.4 0.018
Previous Acinetobacter 

colonization
2.356 1.726 4.34 < 0.001

Tigecycline-containing 
regimen

2.08 1.11 3.87 0.021

Cefiderocol-containing 
regimen

0.34 0.22 0.53 < 0.001

COPD, chronic obstructive pulmonary disease; PCT, procalcitonin.
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before and after propensity score matching for respectively cefi
derocol, colistin, ampicillin/sulbactam, fosfomycin and cefiderocol 
plus fosfomycin-based regimen. S-Table 8 about Propensity scor
e–matched comparison between cefiderocol monotherapy and ce
fiderocol plus fosfomycin (restricted to cefiderocol-treated patients). 
S-Fig. 1 about participating centers and number of enrolled patients; 
S-Fig. 2 about the therapeutic regimens used among survivors and 
non-survivors at 30 days; S-Fig. 3 about sources of infection among 

survivors and non-survivors at 14 days; S-Fig. 4 about the ther
apeutic regimens among survivors and non-survivors at 14 days.

Discussion

To our knowledge, this is the largest, prospective, multicenter 
cohort of patients with BSI caused by CRAB. Of importance, at Cox 
regression analysis we identified that male sex and chronic kidney 

Table 3 
Univariate analysis of survivors vs. non-survivors at 14 days. 

Variables Survivors  
n=309

Non survivors  
n=89

p-value

Anamnestic characteristics
Age, years (mean ± SD) 61.17 ± 8.17 60.95 ± 6.44 0.914
Male, sex 99 (32%) 41 (46.1%) 0.017
Previous surgery (30 days) 165 (53.4%) 33 (37.1%) 0.008
> 2 Comorbidities 204 (66%) 78 (87.6%) < 0.001
Charlos Comorbidity Index, mean ( ± SD) 7.14 ( ± 2.07) 5.95 ( ± 2.59) 0.454
Heart failure 179 (57.9%) 65 (73%) 0.010
Chronic kidney disease 47 (15.2%) 33 (37.1%) < 0.001
Diabetes 102 (33%) 28 (31.5%) 0.898
Dyalisis 17 (5.5%) 7 (7.9%) 0.448
Cirrhosis 33 (10.7%) 13 (14.6%) 0.346
COPD 70 (22.7%) 30 (33.7%) 0.038
Immunosuppressive therapy 51 (24.6%) 17 (30.9%) 0.388
Neurologic disease 100(33%) 27 (31.8%) 0.896
Vasculitis 20 (6.5%) 12 (13.5%) 0.045
Solid neoplasm 43 (14%) 15 (17.2%) 0.493
Hematological neoplasm 16 (5.2%) 3 (3.4%) 0.776
Previous CRAB colonization or infection (60 days) 57 (18.4%) 11 (12.4%) 0.203
Previous antibiotic therapy (30 days) 184 (59.5%) 57 (64%) 0.463
Previous steroid therapy (30 days) 21 (6.8%) 15 (16.9%) 0.006
COVID 19 28 (9.1%) 5 (5.6%) 0.385
Clinical characteristics at time of infection
APACHE, mean ( ± SD) 38.91 ( ± 8.11) 33.46 ( ± 8.25) 0.361
SAPS II, mean ( ± SD) 32.37 ( ± 9.77) 43.55 ( ± 3.73) 0.012
SOFA, mean ( ± SD) 5.13 ( ± 3.18) 7.40 ( ± 3.37) < 0.001
QSOFA, mean ( ± SD) 1.77 ( ± 1.40) (2.16 ± 1.27) 0.502
Fever 207 (67%) 63 (70.8%) 0.523
Septic shock 102 (33%) 45 (50.6%) 0.004
ECMO 6 (1.9%) 1 (1.1%) 1.000
CRRT 28 (9.1%) 12 (13.5%) 0.232
Multisite colonization 50 (16.2%) 7 (7.9%) 0.058
Origin of bacteremia
Primary bacteremia 76 (24.6%) 31 (34.8%) 0.059
CVC-related bacteremia 97 (31.4%) 17 (19.1%) 0.024
HAP 57 (18.4%) 11 (12.3%) 0.078
VAP 70 (22.7%) 20 (22.5%) 1.000
Intra-abdominal infection 15 (4.9%) 3 (3.4%) 0.774
Urinary tract infection 24 (7.8%) 1 (1.1%) 0.023
Multisite 34 (11%) 8 (9.0%) 0.697
Laboratory findings
CRP, mean gm/l ( ± SD) 22.6 ( ± 27.0) 25.26 ( ± 95.75) 0.455
PCT, mean ng/ml ( ± SD) 12.76 ( ± 39.53) 9.69 ( ± 23.15) 0.485
Lactates serum, mean mmol/l ( ± SD) 2.50 ( ± 4.11) 3.49 ( ± 4.33) 0.150
Therapeutic regimens
Empirical therapy 211 (68.3%) 68 (76.4%) 0.150
Tigecycline in targeted therapy 32 (10.4%) 11 (12.4%) 0.566
Fosfomycin in targeted therapy 44 (14.2%) 10 (11.2%) 0.598
Colistin in targeted therapy 57 (18.4%) 12 (13.5%) 0.341
Cefiderocol in targeted therapy 182 (58.9%) 29 (32.6%) < 0.001
Ampicillin/Sulbactam in targeted therapy 70 (22.7%) 12 (13.5%) 0.074
Time to targeted therapy, mean days ( ± SD) 3.6 ( ± 1.8) 3.6 ( ± 1.4) 0.992
Clinical characteristics at 72 h after the start of therapy
Adequate source-control of infection 194 (62.8%) 34 (38.2%) < 0.001
Negative follow-up blood culture 162 (75.3%) 12 (48.0%) 0.008
Fever 37 (12%) 30 (33.7%) < 0.001
Respiratory improvement 227 (73.7%) 17 (19.1%) < 0.001
PCT  < 50% 206 (66.7%) 16 (18%) < 0.001

COPD, chronic obstructive pulmonary disease; CVC, central venous catheter; CRRT, continuous renal replacement therapy; ECMO, extracorporeal membrane oxygenation; HAP, 
hospital-acquired pneumonia VAP, ventilator-associated pneumonia; SOFA, sequential organ failure assessment; PCT, procalcitonin; APACHE, Acute Physiologic Assessment and 
Chronic Health Evaluation; SAPS, Simplified Acute Physiology Score; SOFA, sequential organ failure assessment; qSOFA, quick sequential organ failure assessment; CRP, C-reactive 
protein; PCT, procalcitonin.
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disease resulted as independent predictors of 14-day mortality, 
while colistin-containing regimen, and cefiderocol-containing-re
gimen were associated with 14-day survival; moreover, male sex, 
septic shock, previous colonization by A. baumannii, and tigecycline- 
containing regimen were independent predictors of 30-day mor
tality, while cefiderocol-containing-regimen was associated with 30- 
day survival.

Of note, therapeutic regimens containing cefiderocol and the 
combination of cefiderocol plus fosfomycin (after testing all possible 
antibiotic combination used in our cohort) were associated with 
clinical success following propensity score matching; specifically, we 
observed that at 14 days cefiderocol was associated with survival 
(p < 0.001) and clinical success (p < 0.001), respectively. A ther
apeutic regimen containing cefiderocol plus fosfomycin was sig
nificantly associated with clinical success (p=0.024).

Data from this study highlight some important points that should 
be discussed. Mortality in patients with CRAB bacteremia is influ
enced by multiple factors such as patient-, infection-, and treat
ment-related factors.19,20

Firstly, anamnestic factors like male sex and chronic kidney 
disease together with severity of clinical condition expressed by 
septic shock, and the CRAB colonization at time of infection were 
factors independently associated with an unfavorable outcome.19

The role of colonization may reflect a higher bacterial load and a 
greater likelihood of bacterial translocation across mucosal barriers. 
Furthermore, colonization could also indicate more widespread en
vironmental contamination, increasing the risk of cross-con
tamination between colonized sites. This suggests that colonization 
may be not only a marker of disease severity but also a predictor of 
poor prognosis.20 Interestingly, the presence of colonization may 
also reflect more complex underlying pathophysiological processes, 
including impaired host defenses and prolonged exposure to in
vasive procedures or broad-spectrum antibiotics. Future studies 
could focus on interventions targeting patients with colonization to 
reduce the risk of infection, also BSI, such as enhanced decoloniza
tion protocols or more frequent microbiological screening during 
their ICU stay.

Of importance, CRAB bloodstream infections, causing septic 
shock, remain a peculiar hospital-acquired infection, related to high 
mortality rates in many studies.9 CRAB bloodstream infections re
present a major clinical concern. They frequently originate from 
central venous catheters, which serve as direct access points, though 
alternative sources such as the lungs may also be implicated. As our 
findings confirm, clinical manifestations vary, from mild symptoms 
to severe septic shock with organ failure. Infection severity is com
monly shaped by the patient’s baseline condition and existing co
morbidities.

As a matter of fact, a cefiderocol-containing regimen was a pre
dictor of early survival (14 days) in this cohort, while the antibiotic 
combination cefiderocol plus fosfomycin was associated with clinical 
success. Our findings are consistent with previous studies that 
showed as cefiderocol may be effective in the treatment of serious 
Gram-negative infections.13,14,21–23 Despite the concern about the 
occurrence of resistance to cefiderocol among CRAB isolates, it re
presents a therapeutic option from CRAB infections.24 In a rando
mized clinical trial, cefiderocol was found to be effective as best 
available therapy, including colistin, for the treatment of serious 
Gram-negative infections with limited therapeutic options, in
cluding ventilator-associated pneumonia (VAP) and bacteremia, 
despite more deaths occurring in the cefiderocol-treated group.25 In 
another retrospective cohort study, cefiderocol was associated with 
lower 30-day mortality compared with colistin therapy for the 
treatment of CRAB bacteremia.26 This effectiveness of cefiderocol 
against CRAB could be explained by his unique mechanism of action 
which allows to overcome carbapenemase-mediated resistance, by 
binding to ferric iron and being actively transported into bacterial 
cells through the iron siderophore transport system.27 Of im
portance, recently Paterson et al. showed that among patients with a 
hospital-acquired or health-care-associated Gram-negative bacter
emia, cefiderocol resulted in non-inferior 14-day mortality 

Table 4 
Therapeutic regimens associated with 14-, 30-day mortality and clinical failure after 
propensity score matching. 

Variables ATE 95%CI lower 95%CI upper p-value

14-day mortality
Cefiderocol −0.1509 −0.2197 −0.0441 < 0.001
Colistin −0.0875 −0.2119 0.0619 0.251
Ampicillin-sulbactam −0.0744 −0.1124 0.0357 0.117
Fosfomycin −0.0276 −0.1415 0.0873 0.683
Cefiderocol plus 

fosfomycin
−0.078 −0.261 0.117 0.418

30-day mortality
Cefiderocol −0.0424 −0.1515 0.0567 0.324
Colistin 0.0452 −0.0531 0.1627 0.423
Ampicillin-sulbactam 0.0988 −0.0267 0.2643 0.241
Fosfomycin −0.0437 −0.1852 0.0995 0.554
Cefiderocol plus 

fosfomycin
−0.004 −0.216 0.211 0.463

Clinical failure
Cefiderocol −0.2158 −0.2948 −0.1497 < 0.001
Colistin 0.1018 −0.0664 0.1499 0.335
Ampicillin-sulbactam −0.0632 −0.1662 0.0359 0.129
Fosfomycin −0.0503 −0.2196 0.1139 0.560
Cefiderocol plus 

fosfomycin
−0.163 −0.343 −0.746 0.024

ATE, average treatment effect; CI, confidence interval.

Fig. 2. Kaplan–Meier curves about 30-day mortality in patients treated or not treated with cefiderocol. *p < 0.001. 
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compared with standard of care suggesting that cefiderocol is effi
cacious in patients with health-care-associated Gram-negative 
bloodstream infection.2

Different antibiotic combinations have been studied for the 
treatment of severe infections caused by CRAB, suggesting the ad
vantage of various combinations based on high in vitro synergy 
rates. Out of these, a therapeutic combination including colistin as 
backbone is considered one of the most important options for 
treatment of CRAB infections also in guidelines from Europe.28,29 It 
should be noted that studies assessing monotherapy efficacy (pri
marily colistin) versus combination therapies for Acinetobacter 
baumannii have examined various severe infections, including ven
tilator-associated pneumonia, though these were not consistently 
linked to bacteremia.30,31 However, these findings should be further 
explored in trials focusing on antibiotic treatments of CRAB infec
tions.

Of note, the ITACA study also highlights the role of cefiderocol in 
the first days from diagnosis of infection. While the use of cefider
ocol significantly improves survival in the first 2 weeks from infec
tion onset, this advantage seems to reduce when considering patient 
outcomes over a 30-day period. This suggests that antibiotic therapy 
might not be enough to counteract all the factors that contribute to 
mortality in these critically ill patients over a longer time. However, 
it is important to underline in our cohort the mortality rates were 
22.3% (89/398) and 26.8% (107/398) at 14 days and 30 days, lower if 
compared to recent data.32

The present study has several strengths. Firstly, the study is of a 
prospective, multicenter nature. Secondly, the study included a 
substantial number of patients with CRAB bacteremia. Thirdly, a 
rigorous methodology was employed to assess the primary and 
secondary outcomes.

Furthermore, the ITACA study offers valuable insights that can 
guide clinical practice. The findings support the consideration of an 
early effective treatment, including cefiderocol, as a promising op
tion for treating CRAB bacteremia, particularly for achieving early 
clinical improvement. However, it is crucial for clinicians to re
cognize the many factors that can influence a patient’s outcome and 
to take these into account when making treatment decisions. The 
study underscores the importance of controlling infection, pre
venting CRAB spread, and maintaining surveillance of antibiotic re
sistance and colonization.

Our study also has some limitations. Firstly, the observational 
design of the study. Secondly, data were collected by numerous 
clinicians across different centers, which introduces the possibility 
of inconsistencies in how data was recorded and interpreted. 
Furthermore, the number of patients enrolled varied between cen
ters. Thirdly, there’s also the potential for confounding bias, where 
unmeasured factors might affect both the choice of treatment and 
patient outcomes. The patients showed high variablity in clinical 
presentation, with varying levels of illness and different underlying 
health issues, which could limit how broadly the findings can be 
applied. This may limit the generalizability of the findings to other 
settings. Moreover, the study did not include a detailed analysis of 
the specific mechanisms by which A. baumannii develops resistance 
to antibiotics. Finally, ampicillin-sulbactam (recommended in 
ESCMID guidelines and IDSA guidance) was used, also in combina
tion, with different dose (standard or high dose) and in few cases 
compared to patients treated with cefiderocol, considering to the 
main recommendations from italian guidelines about CRAB 
treatment.33

These limitations emphasize the need for additional research to 
confirm the results of the ITACA study and to address the questions 
that remain unanswered. Future research might include randomized 
controlled trials to more definitively establish the effectiveness of 
cefiderocol and other antibiotics, studies to determine the best 
strategies for treatment (including the optimal duration and 

combinations of antibiotics), investigations into personalized treat
ment approaches that consider individual patient characteristics and 
the specific resistance profile of the infecting bacteria, and detailed 
analyses of resistance mechanisms to aid in the development of new 
therapies.

In conclusion, the ITACA study contributes significantly to our 
understanding of the complex dynamics between patient char
acteristics, the specifics of the infection, and treatment choices in 
cases of CRAB bacteremia, highlighting the need to implement re
search with appropriate study designs to confirm the findings of this 
work. Cefiderocol, also in association with fosfomycin, demonstrates 
promise as an effective therapeutic option; however, further re
search is essential to optimize treatment strategies and improve 
patient outcomes in CRAB bacteremia.
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