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ABSTRACT

Ceftolozane/tazobactam, ceftazidime/avibactam and cefi-
derocol belong to a novel generation of antibiotics that cor-
respond with the β-lactam family. It is necessary to having 
new options in treating infections caused by Gram-negative, 
non-fermenting multidrug-resistant bacilli due to the sig-
nificant increase in multidrug resistance in the last decades. 
Knowing the main characteristics of each drug is key for cor-
rect use.
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INTRODUCTION 

Treatment of non-fermenting multidrug-resistant 
Gram-negative bacilli (NFGNB-MDR) infections is a current 
challenge for physicians due to both severity and the potential 
resistance to a high number of antibiotics. The most common 
and severe NFGNB-MDR includes Pseudomonas aeruginosa, 
which could be involved in a wide variety of nosocomial in-
fections. Despite the severity caused by such infections, 50% 
of neutropenic patients have been recently reported to have 
had an infection due to MDR Pseudomonas aeruginosa (PAE-
MDR) and received inappropriate antibiotic empirical therapy 
(IAET). This finding is related with higher mortality [1]. Both 
Stenotrophomonas maltophilia and Acinetobacter baumannii 
are not considered highly virulent pathogens [2] Nonetheless, 
S. maltophilia is an emerging nosocomial and MDR pathogen 
that causes respiratory tract infections and central venous 
catheter-associated bacteremia [3]. A total of 82% of blood-
stream infections due to S. maltophilia in neutropenic patients 

were treated with IEAT, with the source of infection being 
mostly catheters. The impact of IEAT on outcomes was not 
significant in this situation due to both the low virulence of 
bacteria and quick changes to optimal antibiotics and catheter 
removal [1,3]. Finally, A. baumannii is responsible for infections 
in critically ill patients, mainly ventilator-associated pneumo-
nia and bloodstream infections. Although it is not the most 
frequently isolated Gram-negative bacillus, the multidrug re-
sistance rate is high, varying per geographic area. Carbapenem 
resistance rates, for example, exceed 30% in regions like Latin 
America [4]. 

Today, there is a new spectrum of promising antibiotics—
all of which are β-lactams—to face the most important NF-
GNB-MDR: ceftolozane/tazobactam, ceftazidime/avibactam 
and cefiderocol. We aimed to review the main characteristic of 
these antibiotics. 

NEW BETA-LACTAMS

Use of ceftolozane/tazobactam (TOL/TAZ) for NF-
GNB-MDR. Ceftolozane shares structural similarities with 
ceftazidime, associated with a β-lactamase inhibitor. The main 
difference between ceftolozane and ceftazidime is the pres-
ence of a higher side chain at position 3 of the dihydrothi-
azine ring [5]. This distinguishing characteristic is relevant as it 
confers: 1) stability against chromosomal AmpC β-lactamase, 
which is present in P. aeruginosa; 2) better affinity to peni-
cillin-binding proteins (PBP) [5]; and 3) sub-optimal substrate 
for efflux pumps [6]). It is also not affected by OprD porin as 
it relates to entrance into the P. aeruginosa membrane. Due 
to all of these characteristics, minimum inhibitory concentra-
tion (MIC) values for P. aeruginosa are low (86.3% of isolates 
were inhibited at ≤8 mg/L when compared with the remaining 
antipseudomonal β-lactams [7]). It remains active even when 
facing a combined mechanism of resistance like hyperexpres-
sion of efflux pumps or loss of porins [8]. Consequently, TOL/
TAZ has potent activity in infections caused by P. aeruginosa. 
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combination of AZT and CAZ/AVI has been successfully tested 
for the treatment of S. maltophilia infections. CAZ/AVI was up 
to 81.58% more active when compared to CAZ alone, and AVI 
potentiated the activity of AZT up to 94% [20]. The activity of 
CAZ/AVI against A. baumannii remains limited. More than 50% 
are resistant to CAZ/AVI.

Use of cefiderocol for NFGNB-MDR. This is a new par-
enteral cephalosporin that has a complex chemical structure 
with summatory characteristics of cefepime and ceftazidime, 
as well as the presence of a catechol-like side chain with si-
derophore capacity. This allows it to cross iron transport chan-
nels present in the GNB outer membrane (“Trojan Horse”) and 
enter the periplasmic space at high concentrations, thus evad-
ing classical resistance mechanisms such as hyperexpression of 
efflux pumps or mutations in porin channels [21–23]. It has 
been shown to have a higher affinity in vitro than ceftazidime 
for PBP3 binding, as well as for PBP1 in P aeruginosa or PBP2 in 
Klebsiella pneumoniae [24]. Another characteristic is the high 
stability present in hydrolysis of most β-lactamases, including 
those of the metallo-β-lactamase type. 

Consistent with these characteristics, cefiderocol confers 
broad-spectrum coverage against Gram-negative bacilli, even 
those difficult-to-treat NFGNB-MDR like Acinetobacter or 
Stenotrophomonas. 

In a recent publication on the SIDERO-WT surveillance 
program conducted between 2014-2019 that collected clini-
cal samples from hospitals in both Europe and North Amer-
ica, cefiderocol inhibited 99.9% of P aeruginosa isolates and 
96.0% of A. baumannii isolates with MIC ≤4 mg/L. Likewise, 
98.6% of S. maltophilia were susceptible with MIC ≤1 mg/L 
[25]. Nowadays, most centers in Spain have limited experience 
with the use of cefiderocol; however, some trials have been re-
ported as presenting good results [26–28].The role of this an-
tibiotic in such aforementioned NFGNB-MDR infections seems 
promising. 
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