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ABSTRACT

Introduction: Severe pneumonia caused by
multidrug-resistant Acinetobacter baumannii
(MDR-AB) remains a difficult-to-treat infection.

Considering the poor lung penetration of most
antibiotics, the choice of the better antibiotic
regimen is debated.
Methods: We performed a prospective, obser-
vational, multicenter study conducted from
January 2017 to June 2020. All consecutive
hospitalized patients with severe pneumonia
due to MDR-AB were included in the study. The
primary endpoint of the study was to evaluate
risk factors associated with survival or death at
30 days from pneumonia onset. A propensity
score for receiving therapy with fosfomycin was
added to the model.
Results: During the study period, 180 cases of
hospital-acquired pneumonia, including venti-
lator-associated pneumonia, caused by MDR-AB
strains were observed. Cox regression analysis of
factors associated with 30-day mortality, after
propensity score, showed that septic shock, and
secondary bacteremia were associated with
death, while a fosfomycin-containing regimen
was associated with 30-day survival. Antibiotic
combinations with fosfomycin in definitive
therapy for 44 patients were: fosfomycin
? colistin in 11 (25%) patients followed by
fosfomycin ? carbapenem ? tigecycline in 8
(18.2%), fosfomycin ? colistin ? tigecycline
in 7 (15.9%), fosfomycin ? rifampin in
7 (15.9%), fosfomycin ? tigecycline in
6 (13.6%), fosfomycin ? carbapenem in 3
(6.8%), and fosfomycin ? aminoglycoside in
2 (4.5%).
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Conclusions: This real-life clinical experience
concerning the therapeutic approach to severe
pneumonia caused by MDR-AB provides useful
suggestions to clinicians, showing the use of
different antibiotic regimens with a predomi-
nant role for fosfomycin. Further randomized
clinical trials are necessary to confirm or
exclude these observations.
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Multidrug-resistant; Pneumonia; Septic shock

Key Summary Points

Severe pneumonia caused by multidrug-
resistant Acinetobacter baumannii (MDR-
AB) remains a difficult-to-treat infection.

Considering the poor lung penetration of
most antibiotics, the choice of the better
antibiotic regimen is debated.

During the study period, 180 cases of
hospital-acquired pneumonia, including
ventilator-associated pneumonia, caused
by MDR-AB strains were observed.

A fosfomycin-containing regimen was
associated with 30-day survival.

This real-life clinical experience provides
useful suggestions to clinicians, showing
the use of different antibiotic regimens
with a predominant role for fosfomycin.

DIGITAL FEATURES

This article is published with digital features,
including a summary slide, to facilitate under-
standing of the article. To view digital features
for this article go to https://doi.org/10.6084/
m9.figshare.13056014.

INTRODUCTION

In recent years, severe pneumonia due to mul-
tidrug-resistant (MDR) gram-negative bacteria

such as Acinetobacter baumannii (AB) has been
increasingly observed among hospitalized
patients admitted to the intensive care unit
(ICU), surgical and medical wards [1, 2]. MDR-AB
has been listed as one of the top priority patho-
gens by the World Health Organization [3, 4];
specifically, in Italy an increased incidence of
MDR-AB was observed in the last years [5].

Acinetobacter baumannii bacteria are usually
resistant to carbapenems and to b-lactams,
aminoglycosides, rifampin, and fluoro-
quinolones, and there are limited therapeutic
options, often resulting in inappropriate therapy
and a subsequent negative impact on outcome.
Early diagnosis and adequate administration of
antimicrobials are essential for the management
of critically ill patients with MDR-AB [6], and
recent data reported in the literature compared
monotherapy with combination therapy [7, 8].
Finally, a mortality rate[60% has been reported
for MDR-AB infections [9], particularly in
patients with septic shock [10].

Recently, new agents with microbiologic
activity against MDR-AB strains have been
developed [11, 12]; however, the use of ‘‘old’’
antibiotics for these difficult-to-treat infections
is mandatory, and antimicrobial combinations
should be carefully evaluated. Many in vitro
studies suggested a possible role for intravenous
fosfomycin also for the treatment of MDR-AB
[13–15]. Recently, a fosfomycin-containing
regimen showed a more beneficial effect on all-
cause mortality, with favorable effectiveness in
clinical cure and microbiologic eradication [16].

The aim of the present study was to analyze
the efficacy of antibiotic regimens and outcome
of patients treated for hospital-acquired pneu-
monia (HAP), including ventilator-associated
pneumonia (VAP), caused by MDR-AB.

METHODS

Study Design and Patient Selection

This was a prospective, observational study
conducted in Italy: three 300-bed hospitals in
Rome and one 1200-bed tertiary hospital in
Udine. From January 2017 to June 2020, all
consecutive hospitalized patients with
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pneumonia caused by MDR-AB were included
in the study. The inclusion criteria were: (1)
age C 18 years; (2) culture positive for MDR-AB;
(3) clinical signs and symptoms consistent with
pneumonia [17]. Polymicrobial etiology was
excluded; only one episode of MDR-AB infec-
tion for each patient was reported in the study
period. The prospective nature of the study was
based on the consecutive enrollment of
patients. However, all complete data were
afterwards retrospectively extracted, and the
Ethics Committee (Policlinico Casilino) waived
the need for informed consent. The study was
conducted according to the principles stated in
the Declaration of Helsinki. Patient data were
collected from medical charts and from hospital
computerized databases or clinical charts
according to a pre-established questionnaire.
The following information was reviewed:
demographics; clinical and laboratory findings;
comorbid conditions; microbiologic data;
duration of ICU and hospital stay; any MDR
infection during hospitalization; treatment and
procedures (e.g. non-invasive ventilation [NIV],
mechanical ventilation, continuous renal
replacement therapy [CRRT]) carried out during
hospitalization and/or in the 30 days prior to
infection; class of antibiotics received on
admission and/or during admission before a
positive culture of a biologic sample was
obtained; the Simplified Acute Physiology Score
(SAPS II); sequential organ failure assessment
(SOFA) at time of infection; anamnestic MDR-
AB colonization or during hospitalization;
antibiotic regimens used for MDR-AB infection;
development of septic shock; 30-day mortality.

Definitions

Infections were defined according to the stan-
dard definitions of the European Centers for
Disease Control and Prevention (eCDC) [18].

Infection was defined as the presence of at
least one positive culture from the lung for
MDR-AB in individuals with signs and symp-
toms consistent with pneumonia [17–19]; con-
comitant isolation of MDR-AB in other sites
such as the blood, urine, skin swabs or biopsies,
or abdomen was also recorded. Infection onset

was defined as the date of development of signs
and symptoms of pneumonia.

HAP was considered pneumonia occurring
48 h or more after admission that did not
appear to be incubating at the time of admis-
sion. VAP was considered HAP developing [
48 h after endotracheal intubation. The diag-
nosis of severe pneumonia was based on the
Infectious Diseases Society of America/Ameri-
can Thoracic Society consensus guidelines, i.e.,
one major criterion (invasive mechanical ven-
tilation or septic shock with the need for vaso-
pressors) or three minor criteria (respiratory rate
of[ 30 breaths/min, partial pressure of arterial
oxygen {PaO2]/fraction of inspired oxygen
[FiO2] ratio of\250, multilobar infiltrates,
confusion/disorientation, uremia [blood urea
nitrogen (BUN) level of[20 mg/dl], leukopenia
[white blood cell (WBC) count of\4,000 cells/
mm3}, thrombocytopenia [platelet count of\
100,000 cells/mm3], hypothermia [core tem-

perature \36 �C], or hypotension requiring
aggressive fluid resuscitation) [20].

Septic shock was defined according to inter-
national definitions [21]. The severity of clinical
conditions was determined by using SAPS II,
and SOFA scores calculated at the time of
infection onset. The length of hospital and ICU
stay was calculated as the number of days from
the date of admission to the date of discharge or
death.

Microbiologic Identification

The identification of MDR-AB strains was based
accordingly with local laboratory techniques.
From positive cultures, gram staining and a
rapid identification protocol were adopted. The
bacterial pellet obtained directly from positive
cultures was used for MALDI-TOF MS (Bruker
Daltonics) identification and for molecular
analysis. The SensiTitreTM system (Thermo
Fisher Scientific) or the Vitek 2 automated sys-
tem (bioMérieux, Marcy l’Etoile, France) were
used for isolate identification and antimicrobial
susceptibility testing. Minimum inhibitory
concentrations (MICs) were established accord-
ing to the European Committee on
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Antimicrobial Susceptibility Testing (EUCAST)
breakpoints [22].

Antimicrobial Treatment Evaluation

Empiric antibiotic regimens were selected
according to clinical judgment by infectious
disease specialists and were subsequently mod-
ified according to blood culture results. During
the study period, the usual antimicrobial dosa-
ges, adopted for the most used antibiotics were
the following: for colistin, a loading dose of 9
million IU followed by 4.5 million IU every
12 h; for tigecycline, a loading dose of
150–200 mg followed by 100 mg every 12 h; for
gentamicin, a dosage of 5 mg/kg every 24 h; for
rifampin, a dosage of 10 mg/kg/day; for mer-
openem, a dosage of 2 g every 8 h or 1.5 g every
6 h; for fosfomycin 12–24 g/day divided every
6–8 h; for ampicillin/sulbactam 3 g every 6 h;
for trimethoprim/sulfamethoxazole 15–20 mg/
kg/day divided every 6 h; for vancomycin
40 mg/kg/day divided every 12 h.

Depending on the number of drugs used (1
or[1), treatment regimens were classified as
either monotherapy or combination therapy.
Initial antibiotic therapy, defined as antimicro-
bial chemotherapy implemented within 24 h
after the onset of infection, was assessed along
with definitive antibiotic therapy, defined as
antimicrobial treatment based on in vitro MDR-
AB isolate susceptibility. Drugs in definitive
therapy must have been administered for at
least 50% of the total duration of therapy (ex-
cept for patients who died while on definitive
therapy, who were included if they received at
least 1 complete day of therapy). Time to initial
definitive therapy was the period between the
infection onset and initial definitive therapy.

Primary Endpoint and Statistical Analysis

The primary endpoint of the study was to
evaluate risk factors associated with survival or
death at 30 days from pneumonia onset.

To detect significant differences between
groups, we used chi-square test or Fisher exact
test for categorical variables, and the two-tailed
t test or Mann-Whitney test for continuous

variables, when appropriate. In a multivariate
analysis of survival, the Cox regression model
was tested using a proportional hazards model
analysis with backward stepwise selection and
p\0.05 for all variables to determine the effects
of all anamnestic, clinical, and therapeutic
variables on 30-day survival. A propensity score
for receiving therapy with fosfomycin was
added to the model. The propensity score was
calculated using a nonparsimonious multivari-
ate logistic regression model in which the out-
come variable was the treatment with
fosfomycin. Kaplan-Meier curves were used to
determine survival at 30 days in patients treated
with either a fosfomycin-containing regimen or
other antibiotic regimens. Survival curves for
time-to-event variables, constructed using
Kaplan-Meier estimates, were based on all
available data and were compared with the use
of the log-rank test. Wald confidence intervals
and tests for the hazard ratio were computed
based on the estimated standard errors. Possible
confounding factors and interactions were
weighted during analysis. Statistical significance
was established at B 0.05. All reported P values
are two-tailed. The results obtained were ana-
lyzed using a commercially available statistical
software package (SPSS, version 20.0; SPSS Inc,
Chicago, IL).

RESULTS

During the study period, 180 HAPs, including
VAP, caused by MDR-AB strains were observed;
23 patients with polymicrobial etiology were
excluded from the final analysis, as reported in
Methods. Resistance rates of MDR-AB were the
following: colistin 2.2%, gentamicin 88.1%,
amikacin 90.2%, tigecycline 51.2%, fosfomycin
31.1% (assessed in 112/180 strains), and mer-
openem 100%. On these bases, 97.6% of AB
strains were considered extensively drug-resis-
tant (XDR) and 2.4% and pandrug-resistant
(PDR). Wards of hospitalization at time of
infection onset were ICU (79%), medical wards
(19.2%), and surgical wards (1.8%). Finally, 122
(67.7%) cases were associated with development
of septic shock, and 30-day mortality was
reported in 101 (56.1%) patients.
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Table 1 shows univariate analysis comparing
survivors and non-survivors at 30 days from
infection onset. Differences between survivors
and non-survivors were reported for septic
shock (54.4% vs. 75.2%, p = 0.004), secondary
bacteremia (27.8% vs. 82.2%, p\0.001), and
cardiovascular events after infection onset
(29.1% vs. 45.5%, p = 0.031).

Univariate analysis comparing antibiotic
regimens as definitive therapy between sur-
vivors and non-survivors at 30 days from infec-
tion onset is reported in Table 2. No differences
were observed between survivors and non-sur-
vivors related to the numbers of antibiotics used
in definitive therapy. The fosfomycin-contain-
ing regimen was more frequently used in sur-
viving patients (46.8% vs. 6.9%, p\0.001) than
in non-survivors. During the study period the
usual antimicrobial dosages, adopted for the
most used antibiotics, were the following: for
colistin, a loading dose of 9 million IU followed
by 4.5 million IU every 12 h (h); for tigecycline,
a loading dose of 150 to 200 mg followed by
100 mg every 12 h; for gentamicin, a dosage of
5 mg/kg every 24 h; for rifampin, a dosage of
10 mg/kg/day; for meropenem, a dosage of 2 g
every 8 h or 1.5 g every 6 h; for fosfomycin
12–24 g/day divided every 6–8 h; for ampi-
cillin/sulbactam 3 g every 6 h; for trimetho-
prim/sulfamethoxazole 15–20 mg/kg/day
divided every 6 h; for vancomycin 40 mg/
kg/day divided every 12 h.

The antibiotics used in combination with
fosfomycin in definitive therapy for 44 patients
are reported in Fig. 1. The most used combina-
tion was fosfomycin ? colistin in 11 (25%)
patients, followed by fosfomycin ? car-
bapenem ? tigecycline in 8 (18.2%), fos-
fomycin ? colistin ? tigecycline in 7 (15.9%),
fosfomycin ? rifampin in 7 (15.9%), fos-
fomycin ? tigecycline in 6 (13.6%), fos-
fomycin ? carbapenem in 3 (6.8%), and
fosfomycin ? aminoglycoside in 2 (4.5%). Of
these, 30-day mortality was observed in 2
patients treated with fosfomycin ? col-
istin ? tigecycline, 2 patients with fos-
fomycin ? carbapenem, 2 patients with
fosfomycin ? rifampin, and 1 patient with
fosfomycin ? aminoglycoside.

Univariate analysis comparing patients trea-
ted with a fosfomycin-containing regimen or
other antibiotic regimens in definitive therapy
is reported in Table 3. In patients treated with
the fosfomycin-containing regimen, COPD
(61.4% vs. 36%, p = 0.005) and higher lactate
values (3.3 ± 1.9 mmol/l vs. 1.8 ± 0.9 mmol/l,
p = 0.001) were recorded more frequently; a
previous MDR infection during hospital stay
was more frequently observed in patients trea-
ted with other antibiotic regimens (36.8% vs.
9.1%, p\ 0.001). Finally, 30-day mortality was
reported in 7 (15.9%) patients on the fos-
fomycin-containing regimen compared to 94
(69.1%) treated with other antibiotic regimens
(p\ 0.001).

As reported in Table 4, Cox regression anal-
ysis of factors associated with 30-day mortality
showed that septic shock (HR 3.5, CI 95%
1.32–9.58, p = 0.012) and secondary bacteremia
(HR 23.6, CI 95% 9.02–61.9, p\0.001) were
associated with death, while the fosfomycin-
containing regimen (HR 0.04, CI 95%
0.01–0.13, p\ 0.001) was associated with
30-day survival. After adjustment for the
propensity score in the logistic regression model
evaluating risk factors for mortality, all the
variables remained in the model without sig-
nificant differences.

Finally, the Kaplan-Meier curve for 30-day
survival of patients treated with a fosfomycin-
containing regimen or other antibiotic regi-
mens in definitive therapy is reported in Fig. 2.

DISCUSSION

In the present study, we evaluated the clinical
features, therapeutic approach, and outcome of
patients with pneumonia caused by MDR-AB.
Our data confirmed previous observations
about the very high rates of septic shock
(67.7%) and 30-day (56.1%) mortality in the
study population. Of importance, multivariate
analysis after a propensity score for receiving
therapy with fosfomycin confirmed the role of
septic shock and bacteremia to determinate
30-day mortality; conversely, a fosfomycin-
containing regimen was independently associ-
ated with survival at 30 days.
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Table 1 Univariate analysis comparing survivors and non-survivors at 30 days from infection onset

Variables Survivors
n = 79 (%)

Non-survivors
n = 101 (%)

P

Anamnestic factors

Age, mean ± SD (years) 62.5 ± 17.8 65.8 ± 14.6 0.175

Male sex 55 (69.6) 67 (66.3) 0.748

Comorbidities

Chronic liver disease 4 (5.1) 4 (4) 0.732

Neoplasm 10 (12.7) 16 (15.8) 0.67

Diabetes 26 (32.9) 28 (27.7) 0.513

Chronic heart disease 18 (22.8) 33 (32.7) 0.183

Chronic renal disease/hemodialysis 9 (11.4) 15 (14.9) 0.659

COPD 39 (49.4) 37 (36.6) 0.096

Neurologic disease 3 (3.8) 8 (7.9) 0.588

[ 2 comorbidities 33 (41.8) 43 (42.6) 1.0

Charlson Comorbidity Index, mean ± SD 5.4 ± 3.1 7 ± 3.4 0.268

Previous hospitalization (90 days) 37 (46.8) 42 (41.6) 0.546

Previous ICU admission (90 days) 9 (11.4) 12 (11.9) 1.0

Previous surgery (30 days) 15 (19) 27 (26.7) 0.22

Previous antibiotic therapy (30 days) 47 (59.5) 65 (64.4) 0.538

Previous Acinetobacter spp colonization/infection 9 (11.4) 13 (12.9) 0.822

Clinical and laboratory findings

Acinetobacter colonization prior infection 9 (11.4) 11 (10.9) 1.0

Fever 40 (50.6) 46 (45.5) 0.549

SAPS II at time of infection onset, mean ± SD 41.9 ± 15.4 45.7 ± 14.2 0.089

SOFA at time of infection onset, mean ± SD 6.3 ± 3.5 7.4 ± 3.2 0.131

Previous MDR infections during hospital stay 22 (27.8) 32 (31.7) 0.625

PCT at time of infection onset, mean ± SD 7.6 ± 3.9 7.8 ± 5.9 0.96

Lactate, mmol/l, mean ± SD 1.4 ± 0.4 2.1 ± 2.2 0.441

Endoscopy procedure 9 (11.4) 21 (20.8) 0.109

Steroid therapy 46 (58.2) 51 (50.5) 0.366

Septic shock 43 (54.4) 76 (75.2) 0.004

Secondary bacteremia 22 (27.8) 83 (82.2) < 0.001
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Recent studies confirmed data about mor-
tality [2, 5], with rates [ 90% in patients with
septic shock [9, 10]. MDR-AB bloodstream
infections remain a peculiar ICU-acquired
infection, although recent data reported high
rates of infection even in medical and surgical
wards. Pneumonia is recognized as the primary
source of infection caused by MDR-AB: in a
multicenter Italian study about 281 patients
with MDR-AB bloodstream infections, pneu-
monia was independently associated with a
higher risk of septic shock [5]. As matter of fact,
also in our analysis all strains of Acinetobacter
baumannii were classified as XDR or PDR,
reducing therapeutic options for treatment of
this severe infection. However, this observation
is in line with previous reports in Italy [5, 10].

Severe pneumonia remains a difficult-to-
treat infection, and, considering the poor lung
penetration of most antibiotics, the choice of
the better antibiotic regimen is debated. As a
matter of fact, some antibiotics such as colistin
and aminoglycosides should probably be avoi-
ded for MDR-AB pneumonia, considering the
poor lung penetration of these drugs [23–25].
Moreover, EUCAST recommendations [26]
based on recent observations [27] advertised
about potential false susceptibility to colistin in

approximately 50% of Acinetobacter baumannii
strains using automated systems or an E-test.
Therefore, the very high rates of mortality
observed in our population and in published
studies [5, 10, 28] might also be attributed to a
reported false susceptibility to colistin in
patients for whom physicians were confident in
prescribing a colistin-based regimen.

Different antibiotic combinations have been
studied for the treatment of severe infections
sustained by MDR-AB [29, 30]. In a randomized
clinical trial [31], in patients with MDR-AB
infections mortality was not reduced by addi-
tion of rifampicin to colistin; further in vitro
studies explored the synergism of some drug
combinations, especially colistin plus car-
bapenem for treatment of MDR-AB infections
[32], suggesting the advantage of this combi-
nation based on high in vitro synergy rates.
Combination of carbapenem plus colistin seems
to be the first option for treatment of MDR-AB
infections [33]. In a recent randomized trial
comparing colistin alone versus colistin plus
meropenem for the treatment of severe infec-
tions caused by carbapenem-resistant gram-
negative bacteria, the authors concluded that
combination therapy was not more efficient
than monotherapy and that adding meropenem

Table 1 continued

Variables Survivors
n = 79 (%)

Non-survivors
n = 101 (%)

P

Non-antibiotic therapies and outcomes

Cardiovascular events after infection onset 23 (29.1) 46 (45.5) 0.031

NIV 26 (32.9) 30 (29.7) 0.746

Mechanical ventilation 18 (22.7) 33 (32.6) 0.156

CRRT 7 (8.8) 13 (12.8) 0.362

Length of hospitalization, mean ± SD (days) 33.5 ± 18.4 31.2 ± 24 0.483

Length of ICU stay, mean ± SD (days) 25.7 ± 17.8 25 ± 23.5 0.836

SD standard deviation, COPD chronic obstructive pulmonary disease, ICU intensive care unit, NIV non-invasive venti-
lation, CRRT continuous renal replacement therapy, MDR multidrug-resistant, PCT procalcitonin, CRP c-reactive protein,
SAPS simplified acute physiology score, SOFA sequential organ failure assessment
Bold values indicate statistical significance (p B 0.05)
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to colistin did not improve clinical failure in
severe MDR-AB infections [7]. Of importance,
Dickstein and coworkers performed a subgroup
analysis on patients with Acinetobacter infec-
tions and reported that colistin monotherapy
was associated with a better outcome compared
to colistin-meropenem combination therapy
[34]. It is important to underline that studies
comparing the efficacy of monotherapy (mainly
colistin) with combination regimens for Acine-
tobacter baumannii infections included a spec-
trum of different severe infections, such as
ventilator-associated pneumonia, but not
always associated with bacteremia. On this
basis, our study confirms that comparative
studies on MDR-AB therapy should include
bacteremic patients, also in patients with

Table 2 Univariate analysis comparing antibiotic regimens in definitive therapy between survivors and non-survivors at
30 days from infection onset

Antibiotic therapy* Survivors
n = 79 (%)

Non-survivors
n = 101 (%)

P

Use of only 1 antibiotic 9 (11.4) 14 (13.9) 0.66

Use of 2 antibiotics in combination 40 (50.6) 48 (47.5) 0.764

Use of 3 antibiotics in combination 25 (31.6) 30 (29.7) 0.871

Use of 4 antibiotics in combination 4 (5.1) 9 (8.9) 0.656

Use of 5 antibiotics in combination 1 (1.3) 0 0.439

Colistin-containing regimen 67 (84.8) 84 (83.2) 0.84

Tigecycline-containing regimen 14 (17.7) 28 (27.7) 0.155

Aminoglycoside-containing regimen 4 (5.1) 7 (6.9) 1.0

Rifampin-containing regimen 23 (29.1) 30 (29.7) 1.0

Ampicillin/sulbactam-containing regimen 0 2 (2) 0.505

Fosfomycin-containing regimen 37 (46.8) 7 (6.9) < 0.001

Trimethoprim/sulfamethoxazole-containing regimen 1 (1.3) 2 (2) 1.0

Vancomycin-containing regimen 8 (10.1) 3 (3) 0.061

Carbapenem-containing regimen 44 (55.7) 61 (60.3) 0.765

Use of colistin aerosol inhalation therapy 13 (16.5) 17 (16.8) 1.0

Length of definitive antibiotic therapy, mean ± SD (days) 12.9 ± 9.4 9.5 ± 4.4 0.014

Time to initial definitive therapy, mean ± SD (days) 3.8 ± 1.8 3.6 ± 1.6 0.872

SD standard deviation
Bold values indicate statistical significance (p B 0.05)

Fig. 1 Antibiotics in combination with fosfomycin in
definitive therapy (no. of patients treated)
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Table 3 Univariate analysis comparing patients treated with a fosfomycin-containing regimen or other antibiotic regimens
in definitive therapy

Variables Other antibiotic
regimens
n = 136 (%)

Fosfomycin-containing regimen
n = 44 (%)

P

Anamnestic factors

Age, mean ± SD (years) 63.8 ± 16.2 66.3 ± 16.1 0.375

Male sex 91 (66.9) 31 (70.5) 0.714

Comorbidities

Chronic liver disease 6 (4.4) 2 (4.5) 1.0

Neoplasm 21 (15.4) 5 (11.4) 0.626

Diabetes 40 (29.4) 14 (31.8) 0.85

Chronic heart disease 37 (27.2) 14 (31.8) 0.568

Chronic renal disease/hemodialysis 18 (13.2) 6 (13.6) 1.0

COPD 49 (36) 27 (61.4) 0.005

Neurologic disease 10 (7.3) 1 (2.2) 0.489

[ 2 comorbidities 60 (44.1) 16 (36.4) 0.386

Charlson Comorbidity Index, mean ± SD 5.6 ± 1.8 6.3 ± 1.6 0.76

Previous hospitalization (90 days) 58 (42.6) 21 (47.7) 0.602

Previous ICU admission (90 days) 16 (11.8) 5 (11.4) 1.0

Previous surgery (30 days) 31 (22.8) 11 (25) 0.838

Previous antibiotic therapy (30 days) 83 (61) 29 (65.9) 0.596

Previous Acinetobacter spp colonization/

infection

16 (11.8) 6 (13.6) 0.792

Clinical and laboratory findings

Acinetobacter colonization prior infection 15 (11) 5 (11.4) 1.0

Fever 64 (47.1) 22 (50) 0.862

SAPS II at time of infection onset,

mean ± SD

44.1 ± 15.3 43.9 ± 13.2 0.952

SOFA at time of infection onset,

mean ± SD

7 ± 3.3 6.2 ± 3.4 0.398

Previous MDR infections during hospital

stay

50 (36.8) 4 (9.1) < 0.001

PCT at time of infection onset, mean ± SD 6 ± 4.5 10.9 ± 7.3 0.229

Lactate, mmol/l, mean ± SD 1.8 ± 0.9 3.3 ± 1.9 0.01

Endoscopy procedure 27 (19.9) 3 (6.8) 0.061
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pneumonia as the primary site of infection.
Finally, a surprising finding of our analysis was
that a previous MDR infection was observed in
patients not treated with fosfomycin (36.8% vs.
9.1%).

Many in vitro studies suggested a possible
role for intravenous fosfomycin also for the
treatment of MDR-AB [13–15]. Recently, a fos-
fomycin-containing regimen showed a more
beneficial effect on all-cause mortality, with
favorable effectiveness in clinical cure and

Table 4 Cox regression analysis about risk factors associated with 30-day mortality

Variables Without propensity score
adjustment

With Propensity score
adjustment

HR CI 95% p HR CI 95% p

Septic shock 3.5 1.32–9.58 0.012 3.1 1.45–7.88 0.001

Fosfomycin-containing regimen as definitive therapy 0.04 0.01–0.13 \ 0.001 0.22 0.09–0.44 \ 0.001

Secondary bacteremia 23.6 9.02–61.9 \ 0.001 19.4 8.22–42.1 \ 0.001

HR hazard ratio, CI confidence interval

Table 3 continued

Variables Other antibiotic
regimensn = 136 (%)

Fosfomycin-containing regimen
n = 44 (%)

P

Steroid therapy 69 (50.7) 28 (63.6) 0.165

Septic shock 90 (66.2) 29 (65.9) 1.0

Secondary bacteremia 84 (61.8) 21 (47.7) 0.115

Non-antibiotic therapies and outcomes

Cardiovascular events after infection onset 55 (40.4) 14 (31.8) 0.374

NIV 42 (30.9) 14 (31.8) 1.0

Mechanical ventilation 41 (30.1) 10 (22.7) 0.434

CRRT 17 (12.6) 3 (6.8) 0.623

Length of hospitalization, mean ± SD

(days)

32.6 ± 23.2 31 ± 16.6 0.811

Length of ICU stay, mean ± SD (days) 26.5 ± 22.7 21.8 ± 15.6 0.212

Time to initial definitive therapy,

mean ± SD (days)

4.1 ± 1.7 3.6 ± 1.9 0.092

30-day mortality 94 (69.1) 7 (15.9) < 0.001

SD standard deviation, COPD chronic obstructive pulmonary disease, ICU intensive care unit, NIV non-invasive venti-
lation, CRRT continuous renal replacement therapy, MDR multidrug-resistant, PCT procalcitonin, CRP c-reactive protein,
SAPS simplified acute physiology score, SOFA sequential organ failure assessment
Bold values indicate statistical significance (p B 0.05)
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microbiologic eradication [16]. Fosfomycin may
be an effective adjunctive therapy for pneumo-
nia caused by MDR/XDR A. baumannii strains,
considering the synergistic effect of colistin and
fosfomycin reported in in vitro studies. A recent
study showed fosfomycin achieved effective
concentrations in infected lung tissue [35], and
fosfomycin was introduced as a treatment
option for infections caused by MDR-AB [36]. In
a time-kill study, fosfomycin with colistin
showed bactericidal and synergistic effects at
8 h, reducing the bacterial load in the lungs at
48 h compared with monotherapies and the
combination of colistin plus minocycline [37].
In another recent study, a combination of col-
istin and fosfomycin had significantly better
microbiologic responses with trends toward
more favorable treatment outcomes and lower
mortality compared with those treated with
colistin alone [38].

Our study reveals some important limita-
tions that should be acknowledged. First, the
observational nature of the study and the rela-
tively small sample size bring an intrinsic limi-
tation to the analysis. Second, the underlying
mechanisms of resistance in these strains were
not routinely assessed, and in vitro synergistic
combinations were not performed, except for a
few cases. Third, this study was performed in a
single geographical area of Europe (Italy) with a
high incidence of MDR-AB infections, so these
results may not necessarily be representative of
other European or non-European centers.

Finally, all conclusions about the efficacy of the
therapeutic regimen, outside of randomized
trials, should be validated also considering that
54 patients (30%) had been treated for previous
MDR infections with similar antibiotic
regimens.

CONCLUSIONS

In conclusion, this real-life clinical experience
concerning the therapeutic approach to severe
pneumonia caused by MDR-AB provides useful
suggestions to clinicians about the manage-
ment of this difficult-to-treat infection. Pneu-
monia caused by MDR-AB strains represents a
challenge for physicians, considering the high
rates of septic shock and mortality associated
with this infection. Our data showed peculiar
clinical features and use of different antibiotic
regimens in this setting of infection, with a
predominant role for fosfomycin. Further ran-
domized clinical trials are mandatory to con-
firm or exclude these observations [39, 40].
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