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Abstract: To assess the effect of combination antibiotic empirical therapy on 30-day case-fatality rate
in neutropenic cancer patients with Pseudomonas aeruginosa (PA) bacteremic pneumonia. This was a
multinational, retrospective cohort study of neutropenic onco-hematological patients with PA blood-
stream infection (BSI) (2006–2018). The effect of appropriate empirical combination therapy, appropri-
ate monotherapy and inappropriate empirical antibiotic therapy [IEAT] on 30-day case-fatality was
assessed only in patients with PA bacteremic pneumonia. Among 1017 PA BSI episodes, pneumonia
was the source of BSI in 294 (28.9%). Among those, 52 (17.7%) were caused by a multidrug-resistant
(MDR) strain and 68 (23.1%) received IEAT, mainly when the infection was caused by an MDR strain
[38/52 (73.1%) vs. 30/242 (12.4%); p < 0.001]. The 30-day case-fatality rate was higher in patients
with PA bacteremic pneumonia than in those with PA BSI from other sources (55.1% vs. 31.4%;
p < 0.001). IEAT was associated with increased 30-day case-fatality (aHR 1.44 [95%CI 1.01–2.03];
p = 0.042), whereas the use of appropriate combination empirical treatment was independently
associated with improved survival (aHR 0.46 [95%CI 0.27–0.78]; p = 0.004). Appropriate empiri-
cal monotherapy was not associated with improved overall survival (aHR 1.25 [95%CI 0.76–2.05];
p = 0.39). Combination antibiotic empirical therapy should be administered promptly in febrile
neutropenic patients with suspected pneumonia as the source of infection.

Keywords: Pseudomonas aeruginosa; bloodstream infection; pneumonia; septic shock; neutropenia

1. Introduction

Pseudomonas aeruginosa (PA) bloodstream infection (BSI) remains one of the leading
causes of death among neutropenic cancer patients [1,2]. The administration of inadequate
initial empirical antibiotic treatment for PA BSI in this population has been associated
with impaired outcomes [3–5]. Importantly, due to the worrisome increase in multidrug
resistance among PA isolates, the rates of inadequate empirical antibiotic treatment are
increasing with a detrimental impact on mortality [1,6].

Data from a few retrospective studies suggest that an initial combination empirical ther-
apy with two active antipseudomonal antibiotics raises levels of appropriate treatment in
patients with PA BSI, and consequently improves outcomes [4,7]. Nevertheless, the possible
benefit of combined treatment over monotherapy is still a matter of vivid debate [8–11]. The
issue is controversial because the mortality attributed to PA BSI might not be determined
only by the appropriateness of the empirical antibiotic treatment, but also by the source
of infection, the baseline characteristics of the infected host and the severity of the clinical
presentation [12–14]. In this regard, bacterial pneumonia is common in febrile neutropenic
patients, with a prevalence that ranges from 16% to 40% of cases [15]. More specifically,
31.5% of patients with acute leukemia [16] and 64% of allogeneic hematopoietic stem cell
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transplant recipients will develop an episode of pneumonia [17], with unacceptably high
case-fatality rates, particularly when compared with infections from other sources [18–20].

PA is one of the main causative agents of pneumonia in neutropenic cancer pa-
tients [21,22]. It frequently presents with BSI, septic shock and/or requires intensive
care unit admission [20,23,24]. Even though the most recent Infectious Diseases Society of
America/American Thoracic Society (IDSA/ATS) guidelines recommend an initial empiri-
cal therapy with two active antipseudomonal antibiotics for hospital-acquired pneumonia
in patients at high risk for mortality and/or antimicrobial resistance [25], the true impact
of this strategy in febrile neutropenic patients with PA pneumonia is still unknown. In
fact, the currently available guidelines for the management of febrile neutropenia lack
specific recommendations regarding the empirical treatment of pneumonia in neutropenic
patients [26].

In this study, we assess the effect of combination antibiotic empirical therapy versus
monotherapy on 30-day mortality in neutropenic cancer patients with PA bacteremic
pneumonia.

2. Materials and Methods
2.1. Study Design and Setting

This study is part of the IRONIC project: a multicenter, international, retrospective
cohort study conducted from 1 January 2006 to 31 May 2018 at 34 centers in 12 countries.
The number of participating centers is provided in the Supplementary material. The
number of patients recruited at each participating center has been reported elsewhere [27].

2.2. Ethics

The study was approved by the Institutional Review Board at Bellvitge University
Hospital (local reference number PR408/17) and by the local Research Ethics Committees at
the participating centers. It was conducted in accordance with the Declaration of Helsinki
guidelines. The need for informed consent was waived by the Clinical Research Ethics
Committee due to the retrospective design. The study results are reported following the
STROBE recommendations [28] (Supplementary Material).

2.3. Participants

All adult (≥18 years) onco-hematological neutropenic patients, including hematopoi-
etic stem cell transplant (HSCT) recipients, were eligible for the study if they were diagnosed
with at least one episode of PA BSI during the study period. Subsequent episodes caused
by PA occurring in the same patient were included in the study if they occurred at intervals
of >1 month. Only monomicrobial PA BSI episodes were selected for this study. The
exclusion criteria were unavailability of key data (related to death) and polymicrobial BSI.
The follow-up period was 30 days from BSI onset.

2.4. Variables

Data regarding baseline characteristics, clinical and microbiological features and end-
points were collected. Empirical antibiotic therapy was considered when the antibiotic was
administered before reception of definitive susceptibility results. Appropriate empirical
antibiotic therapy was defined when patients received at least one in vitro active antibiotic
against the PA strain. Empirical combination therapy was considered appropriate when
both antibiotics that were empirically administered were active against the PA strain. If
a patient received two empirical antibiotics but only one was active, this was considered
appropriate monotherapy. Inappropriate empirical antibiotic treatment (IEAT) was con-
sidered when the patient did not receive any empirical antibiotic with in vitro activity or
an empirical antibiotic therapy was lacking. In addition, in the cohort of patients with PA
pneumonia, empirical monotherapy with an aminoglycoside was considered inappropri-
ate. Thus, three treatment categories were observed: appropriate empirical combination
therapy, appropriate empirical monotherapy and IEAT. The antipseudomonal β-lactams
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were uniformly administered at the current standard doses for the treatment of febrile
neutropenia [26,29]. In case of renal impairment, the dosing was adjusted accordingly.

2.5. Outcomes

The 30-day case-fatality rate of patients with bacteremic PA pneumonia was compared
with those with BSI from other sources. The rate of persistent BSI, need for intensive care
unit (ICU) admission and mechanical ventilation were also analyzed. Risk factors for
overall 30-day case-fatality and the effect of the use of appropriate combination antibiotic
empirical therapy, monotherapy or IEAT on mortality were analyzed only in patients with
PA pneumonia.

2.6. Microbiological Studies

Clinical samples were processed at the microbiology laboratories of each participating
center in accordance with standard operating procedures. PA was identified using standard
microbiological techniques at each center. In vitro susceptibility was determined according
to the EUCAST recommendations [30], except at the Lebanese center and at one center from
Argentina where the CLSI breakpoints were used, and in the center in the UK where the
BSAC recommendations were used before 2016 [31]. PA isolate phenotypes were stratified
in accordance with recent standard definitions [32].

2.7. Definitions

Neutropenia and severe neutropenia were defined as an absolute neutrophil count
below 0.5 × 109 cells/mm and 0.1 × 109 cells/mm, respectively. Previous corticosteroid
treatment was defined as the administration of ≥20 mg of prednisone, or equivalent dosing,
for at least four weeks within 30 days of BSI onset. Patients with refractory/relapsed
disease and those receiving palliative chemotherapy were classified as having refractory
disease.

Bacteremic PA pneumonia was defined as the presence of an acute respiratory illness
and a new pulmonary infiltrate on a chest radiograph and/or CT in association with
concurrent PA BSI. Other BSI sources were established using standard US Centers for
Disease Control and Prevention criteria for secondary BSI [33]. In addition, the source of
BSI was defined as unknown or endogenous in patients in whom no other sources were
identified. Septic shock was defined as a systolic blood pressure <90 mmHg that was
unresponsive to fluid treatment or required vasoactive drug therapy [34]. Mucositis was
considered in patients with ulcerative lesions involving only the oral cavity. Comorbidities
were defined as the presence of one or more of the following diseases: chronic obstructive
pulmonary disease, heart disease, hepatic disease, diabetes mellitus, renal failure and
cerebrovascular disease. Persistent BSI was considered if blood cultures were positive after
48 h of adequate antibiotic therapy. The 30-day case-fatality rate was defined as death from
any cause within 30 days of BSI onset.

2.8. Statistical Analysis

To define cohort characteristics, categorical variables were presented as the number
of cases and percentages, while continuous variables were presented as the mean and
standard deviation (SD) or median and interquartile range (IQR). Continuous variables
were compared using the Student’s t-test or the Mann–Whitney U test where appropriate.
Fisher’s exact test or Pearson’s χ2 test were applied to assess the relationship between
categorical variables.
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Time until death, or last follow-up, was assessed using the Kaplan–Meier estimator.
The log-rank test was used to compare the survival curves between treatment strategies.
The Cox proportional hazards model was used to perform an adjusted analysis of the
treatment strategies with age, sex, septic shock and the presence of multidrug resistance
as clinically relevant factors. The proportionality of risks in the Cox model was checked
using the Schoenfeld residuals. The presence of septic shock at admission violated the
proportional hazard assumption of the Cox model. To address this problem, we performed
a time-dependent covariates analysis on septic shock. Data were split into three groups
(from day 0 to day 2, from day 2 to day 10, and from day 10 to day 30), defined after the
exploration of the Schoenfeld residuals plot, to estimate different coefficients over different
time intervals [35]. The effects of the treatment strategies were reported with hazard
ratio (HR) and 95% confidence interval adjusted for age, sex, and multi-drug resistant
pneumonia. Statistical analyses were performed with R software 4.1.0.

3. Results
3.1. Clinical Characteristics

Among the 1217 eligible PA BSI episodes, pneumonia was the second most frequent
source, with 311 episodes (25.5%), after an endogenous source (37.4%). Two hundred
episodes met at least one of the exclusion criteria and were excluded from the analysis,
leaving 1017 included episodes, in which pneumonia was the source of BSI in 294 (28.9%).
Baseline characteristics of patients included in the study are detailed in the supplementary
material (Table S1). Patients with bacteremic PA pneumonia had more comorbidities and
presented more frequently with septic shock than those with PA BSI from other sources. In
total, 17.7% (52/294) of PA pneumonia episodes were caused by multidrug-resistant (MDR)
strains, and 30.6% (90/294) were due to carbapenem-resistant isolates, without significant
differences between groups.

3.2. Treatment Characteristics

Table 1 shows the different treatment regimens administered in patients with PA
pneumonia. Overall, an antipseudomonal β-lactam in monotherapy was the most frequent
empirical antibiotic used (173/294, 58.9%). When a combination empirical therapy was
preferred, a combination of a β-lactam plus an aminoglycoside was predominant (87/118,
73.7%).

Of note, 68 episodes (23.1%) received IEAT, particularly when the PA BSI was caused
by an MDR strain [38/52 (73.1%) vs. 30/242 (12.4%); p < 0.001]. Almost 49% of these
68 episodes were initially treated with an antipseudomonal β-lactam in monotherapy with
no in vitro activity against the PA isolate (mainly carbapenems or piperacilin/tazobactam).
Compared with PA BSI from other sources, no differences were found between the rate of
inappropriate empirical antibiotic treatment [68/294 (23.1%) vs. 142/723 (19.6%); p = 0.29].
Among those episodes caused by a MDR PA strain, only 14 received an appropriate
empirical antibiotic treatment that was mainly based on a monotherapy (10 of 14 cases).



Microorganisms 2022, 10, 733 7 of 14

Table 1. Treatment characteristics of the 294 patients with Pseudomonas aeruginosa bacteremic pneu-
monia.

No Antibiotic Treatment (Death < 48 h) 3/294 (1)

Initial empirical monotherapy 173/294 (58.9)
Piperacillin/tazobactam 84 (48.6)
Antipseudomonal carbapenems (imipenem, meropenem) 54 (31.2)
Antipseudomonal cephalosporins 24 (13.9)
Polymyxins (Colistin/Polymyxin B) 2 (1.1)
Fluoroquinolones 1 (0.6)
Aminoglycoside 1 (0.6)
Others a 7 (4)

Initial empirical combination therapy 118/294 (40.1)
β-lactam + AG 87 (73.7)
β-lactam + non-AG 27 (22.9)
Non-β-lactam combination 4 (3.4)

Appropriate empirical treatment 226/294 (76.9)
Monotherapy b 147/226 (65)

Piperacillin/tazobactam 73 (49.7)
Anti-pseudomonal carbapenems (imipenem, meropenem) 37 (25.2)
Anti-pseudomonal cephalosporins 23 (15.7)
Polymyxins (Colistin, Polymyxin B) 12 (8.2)
Fluoroquinolone (levofloxacin/ciprofloxacin) 2 (1.4)

Combined therapy 79/226 (35)
β-lactam + AG 59 (74.7)
β-lactam + non-AG 20 (25.3)

Inappropriate empirical treatment 68/294 (23.1)
No antibiotic treatment (Death < 48 h) 3/68 (4.4)
Monotherapy 41/68 (60.3)

Anti-pseudomonal carbapenems (imipenem, meropenem) 16 (39)
Piperacillin/tazobactam 15 (36.6)
Anti-pseudomonal cephalosporins 2 (4.9)
Aminoglycosides 1 (2.4)
Others c 7 (17)

Combination therapy 24/68 (35.3)
β-lactam + AG d 21 (87.5)
β-lactam + non-AG 1 (4.2)
Non-β-lactam combination 2 (8.3)

Qualitative data are expressed as numbers (%), unless otherwise indicated. Abbreviations: AG: Aminoglycoside.
a Clindamycin (n = 1), Azithromycin (n = 1), Ceftriaxone (n = 2), Amoxicillin/clavulanate (n = 2), Metronidazole
(n = 1). b 12 patients received an initial empirical combination treatment but were classified as receiving an
appropriate empirical monotherapy because only one of the antibiotics showed in vitro activity against the PA
strain: Colistin (n = 9), fluoroquinolone (n = 1), antipseudomonal cephalosporin (n = 1), piperacillin/tazobactam
(n = 1). c Amoxicillin/clavulanate (n = 2), Ceftriaxone (n = 2), Metronidazole (n = 1), Clindamycin (n = 1),
Azithromycin (n = 1). d 19 episodes received inappropriate empirical combination antibiotic treatment where only
the aminoglycoside showed in vitro activity against the PA isolate.

3.3. Outcomes

The 30-day case-fatality rate was significantly higher in patients with PA bacteremic
pneumonia than in those with PA BSI from other sources (Table 2). Moreover, the rates of
persistent BSI and the need for ICU admission and mechanical ventilation were also higher
in patients with pneumonia.



Microorganisms 2022, 10, 733 8 of 14

Table 2. Outcomes.

PA Pneumonia n = 294 (%) PA BSI n = 723 (%) p-Value

30-day case-fatality rate 162 (55.1) 227 (31.4) <0.001

Persistent BSI (48h from BSI onset) 41 (14.5) 71 (9.9) 0.048

ICU admission 126 (42.9) 186 (25.7) <0.001

Need for mechanical ventilation 83 (28.2) 115 (15.9) <0.001

Abbreviations: PA: Pseudomonas aeruginosa, BSI: Bloodstream infection, ICU: Intensive care unit.

3.4. Risk Factors for Mortality in Patients with Bacteremic PA Pneumonia

In the univariate Cox analysis, septic shock at presentation (HR 3.56 [95%CI 2.56–4.94];
p < 0.001), infection due to a MDR strain (HR 2.05 [95%CI 1.43–2.93]; p < 0.001) and IEAT
(HR 1.57 [95%CI 1.21–2.21]; p = 0.009) were associated with higher 30-day case-fatality
rate, whereas the use of an appropriate empirical combination treatment was associated
with improved survival (HR 0.46 [95%CI 0.29–0.72]; p = 0.001). In the multivariate Cox
analysis, receiving IEAT was an independent risk factor for increased 30-day case-fatality
(aHR 1.44 [95%CI 1.01–2.03]; p = 0.042).

In addition, when focusing on the impact of the three treatment strategies, we ob-
served that the benefit on survival of the administration of an appropriate empirical
combination treatment was maintained after adjusting for potential confounders (aHR
0.46 [95%CI 0.27–0.78]; p = 0.004). The univariate and multivariate Cox models are detailed
in Tables 3 and 4). Figures 1 and 2 show the Kaplan–Meier curves stratified by the appro-
priateness of empirical treatment.

Table 3. Univariate Cox model for the 30-day case-fatality rate in patients with PA bacteremic
pneumonia.

Variables Alive n = 132 Dead n = 162 HR CI 95% p-Value

Age (y), mean (SD) 61.6 (14.8) 61.1 (13.6) 1.00 0.99–1.01 0.781
Gender (female) 41 (31.1) 51 (31.5) 1.13 0.81–1.58 0.534
Acute leukemia 39 (29.5) 56 (34.6) 1.12 0.81–1.55 0.448
Refractory disease 48 (36.4) 71 (43.8) 1.29 0.95–1.76 0.122
HSCT 20 (15.2) 35 (21.6) 1.17 0.81–1.71 0.344
GVHD 7 (43.8) 14 (48.3) 1.09 0.53–2.27 0.806
Comorbidities a 77 (62.1) 95 (60.1) 0.97 0.71–1.34 0.810
BSI acquisition (hospital-acquired) 58 (43.9) 88 (54.3) 1.18 0.87–1.61 0.223
Prior corticosteroid treatment (1 month) 71 (53.8) 94 (58.8) 1.13 0.83–1.55 0.417
Severe neutropenia 68 (54) 96 (59.6) 1.26 0.92–1.73 0.165
Septic shock 34 (26) 107 (66) 3.56 2.56–4.94 <0.001
Multidrug-resistant strain 11 (8.3) 41 (25.3) 2.05 1.43–2.93 <0.001
Inappropriate empirical antibiotic treatment 21 (15.9) 47 (29.0) 1.57 1.21–2.21 0.009
Empirical treatment adequacy 0.016

Inappropriate empirical antibiotic treatment 21 (15.9) 47 (29) Ref Ref Ref
Appropriate empirical treatment (monotherapy) 65 (49.2) 82 (50.6) 0.75 0.52–1.07 0.115
Appropriate empirical treatment (combination treatment) 46 (34.8) 33 (20.4) 0.46 0.29–0.72 0.001

Abbreviations: PA: Pseudomonas aeruginosa; BSI: bloodstream infection; HSCT: Hematopoietic stem cell trans-
plant; GVHD: Graft versus host disease; HR: Hazard Ratio; CI: Confidence Interval. a Comorbidities are defined
as the presence of one or more of the following diseases: COPD, heart or hepatic disease, diabetes mellitus, renal
failure, and cerebrovascular disease.
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Table 4. Multivariate Cox model for the 30-day case-fatality rate in patients with PA bacteremic
pneumonia.

Predictors 30-Day Case-Fatality Rate

aHR Std. Error CI 95% p-Value

Age 1.00 0.01 0.99–1.01 0.616
Gender 1.17 0.20 0.83–1.64 0.376
Inappropriate empirical antibiotic treatment 1.44 0.26 1.01–2.03 0.042
Septic shock

Group 1 (0–48 h from BSI onset) 6.53 1.87 3.73–11.43 <0.001
Group 2 (48 h–10 days from BSI onset) 2.89 0.22 1.66–5.05 <0.001
Group 3 (10 days–30 days from BSI onset) 1.41 0.58 0.63–3.14 0.400

Abbreviations: PA: Pseudomonas aeruginosa; BSI: bloodstream infection; aHR: adjusted Hazard Ratio,
CI: Confidence Interval.
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4. Discussion

In this large multicenter, international cohort study of high-risk neutropenic cancer
patients, we found that pneumonia was a frequent cause of PA BSI and was associated with
a strikingly high 30-day case-fatality rate. Among patients with bacteremic PA pneumonia,
the presence of septic shock and the use of an IEAT had a negative impact on overall
survival. Conversely, the administration of appropriate initial combined empirical antibiotic
treatment, mainly based on an active antipseudomonal β-lactam and an aminoglycoside,
was independently associated with improved outcomes.

We found that 23% of patients with bacteremic PA pneumonia received IEAT, a
percentage that rose significantly in the case of MDR strains. IEAT was also found to be
an independent risk factor for mortality; indeed, it has previously been shown to have a
detrimental effect on mortality in neutropenic cancer patients with PA BSI [3,4,6,36] and
bacteremic PA pneumonia [7,14]. However, the presence of multidrug resistance was not
independently associated with a poor prognosis in our study. In this regard, even though
the association between IEAT and multidrug resistance has been previously reported [3,37],
its real impact on mortality is still controversial [6,7,12,13,38].

In the current era of emerging antibiotic resistance, it seems reasonable to opt for
initial empirical combination treatment in order to increase the probability of adequateness
and also to take advantage of the potential antibiotics’ synergism [39]. Nevertheless,
the benefit for survival of using a combined empirical antibiotic therapy rather than
monotherapy to treat PA severe infections in the general population remains a long-standing
controversy [8,37,40]. Specifically, when focusing on PA bacteremic pneumonia, Park et al.
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found that the use of adequate combined empirical antibiotic treatment was associated
with improved 28-day survival and higher 2 and 4-week bacterial eradication rates [7].
Conversely, Recio et al. did not confirm this beneficial effect on mortality [5]; however,
these authors found neutropenia to be a risk factor for early 5-day mortality.

Importantly, this knowledge gap is even greater in the setting of febrile neutrope-
nia [41]. Indeed, a meta-analysis by Paul et al. focusing on neutropenic cancer patients
found no benefit of combination therapy, although the rate of PA infections was only 1.7%
and the number of pneumonia episodes was not specified [11].

Of note, we found that the use of a combined empirical antibiotic treatment for
PA bacteremic pneumonia in neutropenic patients, mainly based on a β-lactam and an
aminoglycoside, was associated with improved 30-day mortality. Our results may be
explained by the synergistic effect of combining an adequate β-lactam antibiotic and
aminoglycoside, as suggested by early studies [42]. In this line, in a previous study, we
observed an improved early (7-day) mortality rate in those neutropenic cancer patients
with GNB BSI who received initial appropriate combination therapy [39]. In addition, the
beneficial effect of adding an aminoglycoside to an active β-lactam has recently been shown
to be particularly relevant in febrile neutropenic patients presenting with septic shock [43].
Similarly, in our study, the beneficial effect of a combined therapy over monotherapy was
mainly observed within the first 7 days of BSI onset, probably when the empirical use
of an aminoglycoside is more important to increase the rate of bacterial clearance and
consequently improve outcomes.

In this regard, choosing the optimal empirical β-lactam for the treatment of PA pneu-
monia according to the individual risk of resistance is crucial. Here, the newly available
β-lactam + β-lactamase inhibitors may play a very important role [44,45]. The use of
colistin instead of an aminoglycoside is an appealing proposal, but no firm conclusions
regarding its appropriateness can be drawn from the present study; however, it is an
empirical treatment strategy that urgently deserves further investigation.

The main strength of this study is that it is based on one of the largest cohorts of
neutropenic cancer patients with PA pneumonia, with a multicenter international design,
that allows the generalization of the results. To account for a possible bias, multivariate Cox
analyses were performed with septic shock as a time-dependent variable. Nevertheless,
this study also has some limitations that should be acknowledged. First, this was not a
randomized clinical trial (RCT); thus, the choice of therapy may have been influenced by
patient-related variables and by the clinical presentation. Second, we included various em-
pirical combination antibiotic regimens, which may have had different effects on mortality.
Finally, some information may have been lost due to the retrospective design, and we may
not have adequately controlled for certain confounders.

5. Conclusions

In conclusion, we found that appropriate initial combination antibiotic empirical
treatment improved 30-day mortality compared with monotherapy in neutropenic patients
with PA bacteremic pneumonia. Therefore, combination empirical therapy should be
promptly administered in febrile neutropenic patients with suspected pneumonia as the
source of infection. However, further RCTs are warranted to confirm our results.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/microorganisms10040733/s1, detailed list of the number of par-
ticipating centers in each country and Table S1. Clinical and microbiological characteristics of patients
with Pseudomonas aeruginosa bacteremic pneumonia.
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