pathogens

Brief Report

Efficacy of Fosfomycin-Containing Regimens for Treatment of
Bacteremia Due to Pan-Drug Resistant Acinetobacter baumannii
in Critically I1l Patients: A Case Series Study

Stelios F. Assimakopoulos 1*

t 1

12, Gerasimos Eleftheriotis 1, Maria Lagadinou ’,

, Vassilis Karamouzos

Christina Bartzavali 3, Fevronia Kolonitsiou 3, Fotini Paliogianni 3, Fotini Fligou > and Markos Marangos !

check for
updates

Citation: Assimakopoulos, S.F.;
Karamouzos, V.; Eleftheriotis, G.;
Lagadinou, M.; Bartzavali, C.;
Kolonitsiou, F,; Paliogianni, F.; Fligou,
F.; Marangos, M. Efficacy of
Fosfomycin-Containing Regimens for
Treatment of Bacteremia due to
Pan-Drug Resistant Acinetobacter
baumannii in Critically 11l Patients: A
Case Series Study. Pathogens 2023, 12,
286. https://doi.org/10.3390/
pathogens12020286

Academic Editors: Diamantis

Kofteridis and Petros Ioannou

Received: 12 January 2023
Revised: 5 February 2023
Accepted: 7 February 2023
Published: 9 February 2023

Copyright: © 2023 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

Division of Infectious Diseases, Department of Internal Medicine, University of Patras Medical School,
26504 Patras, Greece

Department of Anaesthesiology and Intensive Care Medicine, University of Patras Medical School,
26504 Patras, Greece

Department of Microbiology, University of Patras Medical School, 26504 Patras, Greece

*  Correspondence: sassim@upatras.gr

1t These authors contributed equally to this work.

Abstract: Acinetobacter baumannii (AB) has evolved over the last decades as a major problem in
carbapenem-resistant gram-negative nosocomial infections, associated with high mortality rates
especially in the intensive care unit (ICU). Recent reports highlight the increasing prevalence of
resistance to colistin, a last resort therapeutic option for carbapenem-resistant AB. We retrospectively
evaluated the characteristics, treatment regimens and outcomes of twenty patients with pan-drug
resistant (PDR) AB primary bacteremia hospitalized in the ICU of the University General Hospital
of Patras, during a two-year period (October 2020-September 2022). The 28-day mortality reached
50%. Between survivors and non-survivors, no differences were found regarding age, gender, and
Charlson comorbidity index (CCI). However, non-survivors had higher APACHE II scores and higher
prevalence of septic shock and COVID-19 infection. A significantly higher percentage in the survivor
group received Fosfomycin as part of the combination regimen. Inclusion of fosfomycin in the
combination therapeutic regimen was associated with significantly better survival as compared to
non-fosfomycin-containing regimens. In view of the increasing prevalence of PDR-AB infections in
ICUs, its associated high rates of mortality and the lack of effective treatment options, the observed
survival benefit with fosfomycin inclusion in the therapeutic regimen merits further validation in
larger prospective studies.
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1. Introduction

Acinetobacter baumannii (AB) has evolved over the last decades as a major problem in
multidrug resistant gram-negative nosocomial infections, especially in the intensive care
unit (ICU). Its intrinsic antimicrobial resistance, together with its ability to easily adopt new
resistance mechanisms, has driven the evolution of extensively drug-resistant (XDR) and
even pandrug-resistant (PDR) isolates [1]. In Greece, data reported in the Electronic System
for the Surveillance of Antimicrobial Resistance (WHONET-Greece) for the three-year
period from January 2018 to March 2021, demonstrate that, steadily, more than 95% of the
isolates are carbapenem-resistant [2]. Colistin represents the cornerstone of therapy, but
colistin resistance is an evolving problem, while PDR strains are also increasing worldwide,
especially in ICUs. AB blood isolates from hospitalized patients in Greek ICUs present high
rates of colistin resistance, ranging from 27.5-57.8% in the pre-pandemic period (increasing
trend) to 53—-47% during the pandemic (decreasing trend) [2].
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We present, herein, our tertiary centre experience with 20 ICU patients suffering from
bacteremia due to PDR-AB. PDR-AB strains were defined as carbapenem- and colistin-
resistant with high tigecycline MICs > 2 pg/mL. Although this is a small case series
of 20 patients, the importance of the problem of PDR-AB infections in Greek ICUs, the
associated significant excess mortality, and the lack of treatment options except from
synergistic combinations with limited clinical evidence point towards the potential value
of this study [3-5]. The reported patients received diverse salvage combination regimens,
which were recorded in conjunction with epidemiological data, clinical severity scores,
microbiological and clinical outcomes.

2. Patients and Methods

We retrospectively evaluated the characteristics, treatment regimens and outcomes
of patients with PDR-AB primary bacteremia hospitalized in the ICU of the University
General Hospital of Patras, Greece, a 770-bed teaching hospital, during a two-year period
(October 2020-September 2022). The study was approved by the Ethical Committee of the
University General Hospital of Patras; need for informed consent was waived (No 858).
Patients were identified using the database of the microbiology department. AB strains
isolated from blood cultures deriving from ICU patients were identified using the Vitek
2 Advanced Expert System (bioMerieux, Marcy 1’Etoile, France). Antibiotic susceptibility
was performed by the Vitek 2 Advanced Expert System, while MIC to tigecycline was
determined by Etest (AB Biodisk) and MIC to colistin by broth microdilution method. Ce-
fiderocol and eravacycline were not tested because these antibiotics are not readily available
in Greece. Patients with culture-proven polymicrobial infections were excluded. Results
were interpreted according to EUCAST guidelines (EUCAST, 2023). PDR phenotype was
defined according to the international expert proposal for Interim standards guidelines [6].
Accordingly, PDR-AB isolates were non-susceptible to all agents in all antimicrobial cat-
egories, with tigecycline MICs > 2 ug/mL. Regarding tigecycline, in the latest EUCAST
clinical breakpoints (v. 13.0, 1 January 2023) no clinical breakpoint is set due to insufficient
evidence [7]. However, previous clinical studies with XDR-AB infections, have shown that
when tigecycline MIC is >2 ug/mlL, significantly higher therapeutic failures and mortality
were observed either when tigecycline was used as monotherapy or as part of a combina-
tion therapy with colistin [8,9]. In addition, the clinical efficacy of tigecycline is reached
when fAUC( 541, /MIC ratios are greater than 0.9, which cannot be achieved, especially in
bloodstream infections, even with high doses of tigecycline (200 mg loading dose followed
by maintenance dose 100 mg b.i.d) [10]. The therapeutic regimen used in each patient was
defined after infectious diseases consultation. The usual antimicrobial dosages adopted
for the most used antibiotics were as follows: for colistin, a loading dose of 9 million IU
followed by 4.5 million IU every 12 h; for tigecycline, a loading dose of 200 mg followed
by 100 mg every 12 h; for gentamicin, a dosage of 5-7 mg/kg every 24 h; for amikacin
15-20 mg/kg every 24 h; for meropenem, a dosage of 2 g every 8 h in 3 h infusion; for
piperacillin/tazobactam a dosage of 4.5 g every 6 h in 3 h infusion; for ampicillin/sulbactam
9 g every 8 hin 4 h infusion; for trimethoprim/sulfamethoxazole 5 mg TMP component/kg
every 12 h; for fosfomycin 8 g every 8 h in 3 h infusion. Epidemiological data, extent of
comorbid illnesses defined by the Charlson comorbidity index (CCI), severity of illness
scores Acute Physiology and Chronic Health Evaluation II (APACHE II) and Sequential Or-
gan Failure Assessment (SOFA), antibiotic regiments, microbiological response, and 28-day
all-cause mortality were obtained from patients’ chart reviews and the ICU computerized
database (Criticus™, University of Patras, Patras, Greece). APACHE II and SOFA score
were determined on the day that the positive blood culture was drawn. Septic shock was
defined according to international definitions [11]. Microbiological success was defined as
a follow up negative culture for AB at days 7 or 14.

Data analyses were performed by SPSS version 28.0 (SPSS Inc., Chicago, IL, USA)
software. All variables were tested for normal distribution using the Kolmogorov-Smirnov
test. The comparison of continuous variables was calculated by two sample t-test (normally
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distributed variables) or Mann-Whitney U-test (non-normally distributed variables). The
comparison of the categorical variables was calculated by chi-square test with Yates’ correc-
tion if required. Survival outcomes were assessed using the Kaplan—Meier curve analysis.
All statistical tests were two-tailed and p < 0.05 was considered statistically significant.

3. Results

The present study included 20 ICU patients with bacteremia due to PDR-AB. Patients
had a mean age of 62.4 & 14.2 years, 55% of them had a CCI > 3. The characteristics of the
studied patients and their clinical and microbiological outcomes are presented in Table 1.

Table 1. Patients’ characteristics, treatment regimens and outcome.

Microbiological 28-day

Patient AGE SEX CCI COVID APACHEII Antibiotics Used ;
Success Mortality
1 65 F 3 Yes 15 CST, TGC Yes No
2 53 M 1 Yes 24 CST, TGC Yes No
3 64 M 2 No 22 CST, SXT, FOS Yes No
4 64 M 4 No 10 CST, FOS Yes No
5 28 F 0 No 7 CST, AMS, FOS, AMK Yes No
6 76 M 6 No 8 CST, MEM Yes No
7 72 M 9 No 13 CST, TGC, FOS Yes No
8 64 F 6 No 25 TGC, AMS, FOS AMK Yes No
9 71 F 7 No 19 CST, TGC, FOS Yes No
10 36 F 0 Yes 20 CST, MEM, FOS, SXT, Yes No
GEN
11 53 M 1 Yes 11 CST, TG{%\/ﬁs(MS, SXT, Yes Yes
12 60 M 2 Yes 17 CST, MEM, TGC, AMS No Yes
13 71 F 4 Yes 38 CST, TG(;;;) S, AMK, Yes Yes
14 59 M 1 Yes 40 CST, AMK No Yes
15 78 M 3 Yes 39 CST, PTZ No Yes
16 70 F 5 Yes 26 MEM, GEN No Yes
17 55 F 4 Yes 20 CST, MEM No Yes
18 62 F 2 Yes 28 MEM, AMS, TGC No Yes
19 55 F 1 Yes 25 CST, TGC, AMS Yes Yes
20 93 F 8 Yes 12 CST, MEM Yes Yes

M: male, F: female, CCI: Charlson comorbidity index, CST: Colistin, TGC: Tigecycline, SXT: Trimethoprim—
Sulfamethoxazole, FOS: Fosfomycin, AMS: Ampicillin-Sulbactam, AMK: Amikacin, MEM: Meropenem, GEN:
Gentamycin, PTZ: Piperacillin-Tazobactam, N/ A: not applicable.

In our cohort, 28-day all-cause mortality reached 50%. Between survivors and non-
survivors, no differences were found regarding age, gender, and CCL Non-survivors had
higher APACHEII (25.6 + 10.8 vs. 16.3 & 6.6, p = 0.032) and SOFA (11.4 £ 4.3 vs. 7.1 £ 3.8,
p = 0.03) scores, respectively (Table 2). Additionally, more patients among non-survivors
had septic shock (6 vs. 0; p = 0.003) and COVID-19 infection (10 vs. 3; p = 0.001). All
survivors had previously achieved microbiological response (10/10), while 4/10 deceased
patients also had clearance of blood cultures. Between the two groups, no difference
was noted regarding the use of Colistin, Aminoglycosides, Carbapenems, and Ampicillin—
Sulbactam in therapeutic regimens. A significantly higher percentage in the survivor group
received Fosfomycin (7 vs. 1; p = 0.02).

The Kaplan—Meier curve for 28-day survival of patients treated with a fosfomycin-
containing regimen or other antibiotic regimens is shown in Figure 1. Inclusion of fos-
fomycin in the combination therapeutic regimen was associated with significantly better
survival as compared to non-fosfomycin-containing regimens (p = 0.0051).
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Table 2. Differences amongst survivors and non-survivors in ICU patients with PDR Acinetobacter
baumannii bacteremia.

28-day Mortality Statistics
e Survived Died
Characteristics (n = 10) (0 =10) p
Age years [Median (IQR)] 64 (48-71) 61 (55-72) ns
Female Gender (%) 5 (50) 6 (60) ns
Charlson Comorbidity Index 38431 31429 ns
mean + SD
APACHE I
mean - SD 16.3 £ 6.6 25.6 £ 10.8 0.032
SOFA
mean - SD 71+38 114 +43 0.03
Septic Shock (%) 0 6 (60) 0.003
COVID (%) 3 (30) 10 (100) 0.001
>3 antibiotics combination regimen (%) 6 (60) 5 (50) ns
Colistin containing regimen (%) 9 (90) 8 (80) ns
Tigecycline containing regimen (%) 5 (50) 5 (50) ns
Fosfomycin containing regiment (%) 7 (70) 1 (10) 0.02
Aminoglycoside containing regimen (%) 3 (30) 4 (40) ns
Carbapenem containing regimen (%) 2 (20) 5 (50) ns
Ampicillin-Sulbactam containing regimen (%) 2 (20) 4 (40) ns

ICU: intensive care unit, PDR: pan-drug resistant, SOFA: Sequential Organ Failure Assessment.

J + Fosfo
 No Fosfo

Log-rank {Mantel-Cox) test

Chi square 7.848 L

df 1

P value 0.0051

0
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Figure 1. Kaplan-Meier curve for 28-day survival of patients treated with a fosfomycin-containing
regimen or other antibiotic regimens in ICU patients with PDR Acinetobacter baumannii bacteremia.
ICU: intensive care unit, PDR: pan-drug resistant.

4. Discussion

In the present series of ICU patients with PDR-AB primary bacteremia, high 28 d
mortality of 50% was observed. Previous studies have demonstrated that crude mortality
rates in patients with AB bacteremia vary between 30 and 76%, while in a recent multi-
center study from Italy the ICU mortality rate in patients with carbapenem-resistant AB
infections was 64.7% [12,13]. In our study, non-survivors presented higher illness severity
on bacteremia diagnosis, higher rates of septic shock and COVID-19, which agrees with
previous reports. Specifically, it has been previously shown that important risk factors for
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mortality in XDR-AB bacteremia are septic shock, associated with mortality rates over 90%,
and COVID-19 with observed mortality over 75% [13,14].

With the emergence of colistin resistance in AB, our therapeutic armamentarium to
treat these infections become very limited. Tigecycline is not an effective treatment option
for bacteremias due to achievement of low serum concentrations of this drug associated
with high mortality rates [10]. Novel beta-lactam beta-lactamase inhibitor combinations
ceftazidime/avibactam, imipenem/cilastatin/relebactam and meropenem/vaborbactam
are not active against AB strains. Amongst novel therapeutic options, eravacycline has
demonstrated in vitro activity against AB, but regrettably the molecule did not reach prede-
fined non-inferiority in clinical trials [15]. Cefiderocol, a novel siderophore cephalosporin,
is currently the only 3-lactam with displayed activity against AB, but this drug is not yet
commercially available in our country. Therefore, in severe XDR and PDR infections, it is
reasonable to use combination regimens to take advantage of antibiotic synergism. Differ-
ent combinations of antibiotics have demonstrated a synergistic action against XDR-AB,
such as colistin combined with rifampicin or tigecycline or sulbactam or vancomycin and
carbapenems combined with colistin or sulbactam or aminoglycosides or rifampicin [16,17].
Previous studies have shown that the tigecycline—colistin combination was more synergistic
than the tigecycline-rifampicin and colistin-rifampicin combination [18]. However, inter-
preting synergy data based on XDR-AB and extrapolating such data on PDR-AB has pitfalls.
Especially considering traditional synergy definitions, synergy in vitro may only be present
at clinically irrelevant concentrations [17,19]. In the present study, diverse combinations of
antibiotics were used as salvage therapy. These combinations were mostly colistin-based
in 17/20 patients (85%), since colistin constitutes the preferred backbone for such infec-
tions for many years. Tigecycline was used in 50%, fosfomycin in 40%, carbapenem and
aminoglycoside in 35% and sulbactam (as high dose ampicillin/sulbactam 27 g/d) in 30%
of patients. According to our results, the inclusion of fosfomycin in the therapeutic regimen
was significantly associated with 28 d survival (p = 0.02).

Fosfomycin is an “old” antibiotic, discovered in 1969 as a phosphonic acid derivative.
It is a water-soluble molecule with a low molecular weight (138.1 g/mol), with unique and
unusually simple structure, containing an epoxy group that is essential for its antibacterial
efficacy [20]. Fosfomycin is a bactericidal antibiotic that interferes with the first cytoplas-
mic step of bacterial cell wall biosynthesis, the formation of the peptidoglycan precursor
UDP N-acetylmuramic acid [20]. Its unique mechanism of action makes cross-resistance
uncommon and allows for synergy with other antibiotics. Numerous MDR gram-negative
organisms are susceptible to fosfomycin and this, coupled with its excellent capacity for
diffusion to various tissues, has resulted in several in vitro assessments of its antimicrobial
capacity when combined with other agents [21]. Despite Acinetobacter’s genetic resistance
to fosfomycin, mediated by efflux pumps, fosfomycin exerts a clinically useful synergy with
diverse antibiotics against MDR-AB infections. The combination of fosfomycin with sul-
bactam has shown promising synergistic effects against carbapenem-resistant AB in vitro;
synergy was observed in 74% isolates and no case of antagonism was reported [22]. Clini-
cal data on the efficacy of intravenous fosfomycin in combination with other antibiotics
against MDR-gram-negative infections are mainly derived from observational studies on
enterobacterales and P. aeruginosa infections [23,24]. Regarding its clinical efficacy, as part
of a combination regimen, against XDR-AB we were able to find only two studies. In the
first study, ninety-four patients infected with carbapenem-resistant AB were randomized to
receive colistin alone or colistin plus fosfomycin for 7 to 14 days; combination therapy with
fosfomycin had a significantly more favorable microbiological response and a trend toward
more favorable clinical outcomes and lower mortality [25]. The second recent prospective,
observational, multicenter study, with 180 patients suffering from hospital-acquired pneu-
monia and ventilator-associated pneumonia from MDR-AB showed that the inclusion of
fosfomyecin in the treatment regimen led to a significant survival advantage [26].

A major limitation of our findings is that this is only a small case series study, retrospec-
tively looking at the results of our experience and clinical practice with such difficult to treat
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infections. Patient characteristics and treatment regimens were very heterogeneous and the
observed statistically significant results (e.g., regarding fosfomycin action) might have been
affected by other diverse characteristics between survivors and non-survivors. With our
study’s small sample size complex inferential statistics such as multivariate analysis with
logistic regression is unreliable. Therefore, the present results need to be further checked in
larger case series or prospective studies. Moreover, the potential synergistic effect of the
antibiotics used in salvage combination regimens was not tested in vitro and was based on
theoretical knowledge. On the other hand, the present case series enrolled only patients
with PDR-AB primary bacteremia in a critical condition. Most studies with XDR or PDR-AB
infections enroll patients with either hospital-acquired or ventilator-associated pneumonias,
which represent the most common nosocomial AB infections [12,26]. However, isolation
of AB from respiratory tract sample is not sufficient to establish its causal relationship
with the infection and distinction between infection and colonization remains challenging.
From this point of view, the present study presents data on true PDR-AB severe infections
excluding the colonization confounder. In addition, as it is unlikely that a randomized
controlled study will be performed on this topic, our results on the positive impact of
fosfomycin-containing regimens may be of clinical value.

5. Conclusions

In conclusion, bacteremia caused by PDR-AB strains represents a challenge for physi-
cians, considering the high rates of septic shock and mortality associated with this infection.
In view of the increasing prevalence of PDR-AB infections in ICUs, its associated high rates
of mortality and the lack of effective treatment options, we feel that there is an emerging
need for our results on the positive impact of fosfomycin to be further validated in larger
prospective studies.

Author Contributions: S.F.A.: Design of the study, drafting of manuscript; V.K.: data collection,
statistical analysis, preparation of manuscript; G.E. and M.L.: data collection; C.B. and F.K.: microbio-
logical analysis of the isolates, EP., EF. and M.M.: critical reviewing of the manuscript. All authors
have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and approved by the Ethical Committee of the University General Hospital of Patras (No 858).

Informed Consent Statement: Need for informed consent was waived because this is a non-
interventional study in patients that were put in induced coma for the purpose of mechanical
ventilation and could not consent. The family members were not allowed to enter the COVID hospital
since there was a risk of contagion.

Data Availability Statement: The data presented in this study are available on request by the
corresponding author.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.

Nowak, J.; Zander, E.; Stefanik, D.; Higgins, P.G.; Roca, I.; Vila, J.; McConnell, M.J.; Cisneros, ].M.; Seifert, H.; MagicBullet
Working Group WP4. High incidence of pandrug-resistant Acinetobacter baumannii isolates collected from patients with
ventilator-associated pneumonia in Greece, Italy and Spain as part of the MagicBullet clinical trial. J. Antimicrob. Chemother. 2017,
72,3277-3282. [CrossRef] [PubMed]

Polemis, M.; Mandilara, G.; Pappa, O.; Argyropoulou, A.; Perivolioti, E.; Koudoumnakis, N.; Pournaras, S.; Vasilakopoulou, A.;
Vourli, S.; Katsifa, H.; et al. COVID-19 and Antimicrobial Resistance: Data from the Greek Electronic System for the Surveillance
of Antimicrobial Resistance—WHONET-Greece (January 2018-March 2021). Life 2021, 11, 996. [CrossRef] [PubMed]
Karakonstantis, S.; Kritsotakis, E.I.; Gikas, A. Pandrug-resistant Gram-negative bacteria: A systematic review of current
epidemiology, prognosis and treatment options. J. Antimicrob. Chemother. 2020, 75, 271-282. [CrossRef] [PubMed]
Karakonstantis, S.; Kritsotakis, E.I; Gikas, A. Treatment options for K. pneumoniae, P. aeruginosa and A. baumannii co-resistant to
carbapenems, aminoglycosides, polymyxins and tigecycline: An approach based on the mechanisms of resistance to carbapenems.
Infection 2020, 48, 835-851. [CrossRef]


http://doi.org/10.1093/jac/dkx322
http://www.ncbi.nlm.nih.gov/pubmed/28961773
http://doi.org/10.3390/life11100996
http://www.ncbi.nlm.nih.gov/pubmed/34685368
http://doi.org/10.1093/jac/dkz401
http://www.ncbi.nlm.nih.gov/pubmed/31586417
http://doi.org/10.1007/s15010-020-01520-6

Pathogens 2023, 12, 286 70f7

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Karakonstantis, S.; Gikas, A.; Astrinaki, E.; Kritsotakis, E.I. Excess mortality due to pandrug-resistant Acinetobacter baumannii
infections in hospitalized patients. J. Hosp. Infect. 2020, 106, 447-453. [CrossRef]

Magiorakos, A.-P.; Srinivasan, A.; Carey, R.B.; Carmeli, Y.; Falagas, M.E.; Giske, C.G.; Harbarth, S.; Hindler, J.E.; Kahlmeter, G.;
Olsson-Liljequist, B.; et al. Multidrug-resistant, extensively drug-resistant and pandrug-resistant bacteria: An international expert
proposal for interim standard definitions for acquired resistance. Clin. Microbiol. Infect. 2012, 18, 268-281. [CrossRef]

The European Committee on Antimicrobial Susceptibility Testing. Breakpoint Tables for Interpretation of MICs and Zone
Diameters. Version 13.0. 2023. Available online: http://www.eucast.org (accessed on 10 January 2023).

Chuang, Y.C.; Cheng, C.Y.; Sheng, W.H.; Sun, H.Y.; Wang, ].T.; Chen, Y.C.; Chang, S.C. Effectiveness of tigecycline-based versus
colistin- based therapy for treatment of pneumonia caused by multidrug-resistant Acinetobacter baumannii in a critical setting: A
matched cohort analysis. BMC Infect. Dis. 2014, 14, 102. [CrossRef] [PubMed]

Cheng, A; Chuang, Y.C.; Sun, H.Y,; Sheng, WH.; Yang, C.J.; Liao, C.H.; Hsueh, P.R,; Yang, J.L.; Shen, N.J.; Wang, ].T; et al. Excess
Mortality Associated with Colistin-Tigecycline Compared with Colistin-Carbapenem Combination Therapy for Extensively
Drug-Resistant Acinetobacter baumannii Bacteremia: A Multicenter Prospective Observational Study. Crit. Care Med. 2015, 43,
1194-1204. [CrossRef]

Yang, T.; Mei, H.; Wang, J.; Cai, Y. Therapeutic Drug Monitoring of Tigecycline in 67 Infected Patients and a Population
Pharmacokinetics /Microbiological Evaluation of A. baumannii Study. Front. Microbiol. 2021, 12, 678165. [CrossRef]

Singer, M.; Deutschman, C.S.; Seymour, C.W.; Shankar-Hari, M.; Annane, D.; Bauer, M.; Bellomo, R.; Bernard, G.R.; Chiche, J.-D.;
Coopersmith, C.M.; et al. The Third International Consensus Definitions for Sepsis and Septic Shock (Sepsis-3). JAMA 2016, 315,
801-810. [CrossRef]

Montrucchio, G.; Corcione, S.; Lupia, T.; Shbaklo, N.; Olivieri, C.; Poggioli, M.; Pagni, A.; Colombo, D.; Roasio, A.; Bosso, S.; et al.
The Burden of Carbapenem-Resistant Acinetobacter baumannii in ICU COVID-19 Patients: A Regional Experience. J. Clin. Med.
2022, 11, 5208. [CrossRef] [PubMed]

Ballouz, T.; Aridi, J.; Afif, C.; Irani, J.; Lakis, C.; Nasreddine, R.; Azar, E. Risk Factors, Clinical Presentation, and Outcome of
Acinetobacter baumannii Bacteremia. Front. Cell. Infect. Microbiol. 2017, 7, 156. [CrossRef] [PubMed]

Dezza, F.C.; Arcari, G.; Alessi, F,; Valeri, S.; Curtolo, A.; Sacco, F.; Ceccarelli, G.; Raponi, G.; Alessandri, F.; Mastroianni, C.M.; et al.
Clinical Impact of COVID-19 on Multi-Drug-Resistant Gram-Negative Bacilli Bloodstream Infections in an Intensive Care Unit
Setting: Two Pandemics Compared. Antibiotics 2022, 11, 926. [CrossRef]

Doi, Y. Treatment Options for Carbapenem-resistant Gram-negative Bacterial Infections. Clin. Infect. Dis. 2019, 69 (Suppl. S7),
S565-5575. [CrossRef] [PubMed]

Poulikakos, P.; Tansarli, G.S.; Falagas, M.E. Combination antibiotic treatment versus monotherapy for multidrug-resistant,
extensively drug-resistant, and pandrug-resistant Acinetobacter infections: A systematic review. Eur. |. Clin. Microbiol. Infect. Dis.
2014, 33, 1675-1685. [CrossRef]

Karakonstantis, S.; Ioannou, P.; Samonis, G.; Kofteridis, D.P. Systematic Review of Antimicrobial Combination Options for
Pandrug-Resistant Acinetobacter baumannii. Antibiotics 2021, 10, 1344. [CrossRef]

Dizbay, M.; Tozlu, D.K,; Cirak, M.Y,; Isik, Y.; Ozdemir, K.; Arman, D. In vitro synergistic activity of tigecycline and colistin against
XDR-Acinetobacter baumannii. J. Antibiot. 2010, 63, 51-53. [CrossRef]

Karakonstantis, S.; Ioannou, P.; Kofteridis, D.D. In search for a synergistic combination against pandrug-resistant A. baumannii;
methodological considerations. Infection 2022, 50, 569-581. [CrossRef]

Falagas, M.E.; Vouloumanou, E.K.; Samonis, G.; Vardakas, K.Z. Fosfomycin. Clin. Microbiol. Rev. 2016, 29, 321-347. [CrossRef]
Antonello, R.M.; Principe, L.; Maraolo, A.E.; Viaggi, V.; Pol, R.; Fabbiani, M.; Montagnani, F.; Lovecchio, A.; Luzzati, R.; Di Bella,
S. Fosfomycin as Partner Drug for Systemic Infection Management. A Systematic Review of its Synergistic Properties from in
Vitro and in Vivo Studies. Antibiotics 2020, 9, 500. [CrossRef]

Mohd Sazlly Lim, S.; Heffernan, A.J.; Roberts, J.A.; Sime, F.B. Semi-mechanistic PK/PD modelling of fosfomycin and sulbactam
combination against carbapenem-resistant Acinetobacter baumannii. Antimicrob. Agents Chemother. 2021, 65, 321-347. [CrossRef]
[PubMed]

Falagas, M.E.; Kastoris, A.C.; Karageorgopoulos, D.; Rafailidis, P.I. Fosfomycin for the treatment of infections caused by multidrug-
resistant non-fermenting Gram-negative bacilli: A systematic review of microbiological, animal and clinical studies. Int. ].
Antimicrob. Agents 2009, 34, 111-120. [CrossRef]

Aysert-Yildiz, P.; Ozgen—Top, O.; Habibi, H.; Dizbay, M. Efficacy and safety of intravenous fosfomycin for the treatment of
carbapenem-resistant Klebsiella pneumoniae. J. Chemother. 2022, 1-6. [CrossRef] [PubMed]

Sirijatuphat, R.; Thamlikitkul, V. Preliminary Study of Colistin versus Colistin plus Fosfomycin for Treatment of Carbapenem-
Resistant Acinetobacter baumannii Infections. Antimicrob. Agents Chemother. 2014, 58, 5598-5601. [CrossRef] [PubMed]

Russo, A.; Bassetti, M.; Bellelli, V.; Bianchi, L.; Cattaneo, EM.; Mazzocchetti, S.; Paciacconi, E.; Cottini, F.; Schiattarella, A.; Tufaro,
G.; et al. Efficacy of a Fosfomycin-Containing Regimen for Treatment of Severe Pneumonia Caused by Multidrug-Resistant
Acinetobacter baumannii: A Prospective, Observational Study. Infect. Dis. Ther. 2021, 10, 187-200. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


http://doi.org/10.1016/j.jhin.2020.09.009
http://doi.org/10.1111/j.1469-0691.2011.03570.x
http://www.eucast.org
http://doi.org/10.1186/1471-2334-14-102
http://www.ncbi.nlm.nih.gov/pubmed/24564226
http://doi.org/10.1097/CCM.0000000000000933
http://doi.org/10.3389/fmicb.2021.678165
http://doi.org/10.1001/jama.2016.0287
http://doi.org/10.3390/jcm11175208
http://www.ncbi.nlm.nih.gov/pubmed/36079137
http://doi.org/10.3389/fcimb.2017.00156
http://www.ncbi.nlm.nih.gov/pubmed/28523249
http://doi.org/10.3390/antibiotics11070926
http://doi.org/10.1093/cid/ciz830
http://www.ncbi.nlm.nih.gov/pubmed/31724043
http://doi.org/10.1007/s10096-014-2124-9
http://doi.org/10.3390/antibiotics10111344
http://doi.org/10.1038/ja.2009.117
http://doi.org/10.1007/s15010-021-01748-w
http://doi.org/10.1128/CMR.00068-15
http://doi.org/10.3390/antibiotics9080500
http://doi.org/10.1128/AAC.02472-20
http://www.ncbi.nlm.nih.gov/pubmed/33685901
http://doi.org/10.1016/j.ijantimicag.2009.03.009
http://doi.org/10.1080/1120009X.2022.2149186
http://www.ncbi.nlm.nih.gov/pubmed/36412538
http://doi.org/10.1128/AAC.02435-13
http://www.ncbi.nlm.nih.gov/pubmed/24982065
http://doi.org/10.1007/s40121-020-00357-8

	Introduction 
	Patients and Methods 
	Results 
	Discussion 
	Conclusions 
	References

