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Pseudomonas aeruginosa multirresistente: un patégeno de dificil manejo clinico

In the 21st century we expect to find ourselves facing differ-
ent healthcare challenges and among the most worrying, antibiotic
resistance is at forefront.! Pseudomonas aeruginosa is a pathogen
of great concern due to its ability to develop resistance to several
classes of antibiotics? and because it produces severe infections,
particularly in healthcare settings and in immunocompromised
patients, with high mortality rates.>

In the recent years, the spread of extensively drug-resistant
(XDR) P. aeruginosa has become a public health concern and cur-
rently there are limited therapeutic options with low level of
evidence of their efficacy and potential of selection of resistant
mutants.?

P. aeruginosa is inherently resistant to many antibiotics due
to its low permeability outer membrane, active efflux pumps,
and production of several resistance mechanisms, including beta-
lactamases, aminoglycoside-modifying enzymes, and quinolone
resistance mechanisms.* The expression of efflux pumps, which
are involved in the active extrusion of antibiotics from the bac-
terial cell are an important mechanism of resistance. The most
well-characterized efflux pumps in P. aeruginosa are the MexAB-
OprM, MexCD-Opr]J, and MexEF-OprN systems. These efflux pumps
are involved in resistance to a wide range of antibiotics, includ-
ing beta-lactams, fluoroquinolones, and aminoglycosides.” Another
mechanism of resistance in P. aeruginosa is the production of
beta-lactamases, which hydrolyze beta-lactam antibiotics such as
penicillins, cephalosporins, and carbapenems. The AmpC beta-
lactamase is the most expressed beta-lactamase in P. aeruginosa
and is chromosomally encoded, while some strains can also acquire
carbapenemases through horizontal gene transfer.® P. aeruginosa
can also produce aminoglycoside-modifying enzymes, which are
enzymes that modify aminoglycosides, rendering them ineffective.
These enzymes include acetyltransferases, adenyltransferases, and
phosphotransferases. Finally, P. aeruginosa can also develop resis-
tance through the mutation of target genes, such as the mutations
in the gyrA and parC genes that confer fluoroquinolone resistance’

Overall, the complex and multifaceted mechanisms of resistance
in P. aeruginosa make it a challenging pathogen to treat and under-
score the importance of appropriate antibiotic use and infection
control actions to prevent the emergence and spread of multidrug-
resistant rods.
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Moreover, dissemination of high-risk clones (MDR/XDR clones)
has been reported worldwide in hospitals. Among them, ST
(sequence type) 235, ST111, and ST175 have been found to be
the most prevalent.* A multicentric study performed in Spain
showed that clonal diversity of P. aeruginosa isolated from blood
cultures was much lower among MDR and XDR strains than in
wild-type strains. Most XDR isolates belonged to the fore men-
tioned high-risk clones. Although resistance in XDR P. aeruginosa
is especially mutation-mediated like in the case of ST175, some of
these high-risk clones have been associated to transferable resis-
tance mechanisms, particularly acquired 3-lactamases.® As a result
of this, the treatment of XDR P. aeruginosa infections could be chal-
lenging due to the limited number of effective antibiotics.

Several classes of antibiotics have been used to treat infec-
tions caused by P. aeruginosa as first line agents. Antipseudomonal
antibiotics include B-lactams acting by inhibiting bacterial cell
wall synthesis, namely penicillins (piperacillin, ticarcillin, car-
benicillin alone or in combination with a [3-lactamase inhibitor),
cephalosporins (ceftazidime and cefepime), monobactams (aztre-
onam), and carbapenems (imipenem, and meropenem). Other
antipseudomonal antibiotics are fluoroquinolones (ciprofloxacin
and levofloxacin) and aminoglycosides (amikacin, tobramycin,
and gentamicin) that block DNA synthesis and protein synthesis,
respectively.*8° Colistin and polymyxin B have been reintroduced
in the clinics to treat infections caused by MDR/XDR bacilli. Despite
being an effective agent against XDR P. aeruginosa, its clinical
use has been limited by its associated side effects (particularly
nephrotoxicity).8°

Combination therapy, in which two or more antibiotics are used
together, is often recommended for the treatment of XDR P. aerug-
inosa infections.'? However, there is lack of clinical evidence of the
usefulness of combined therapy, even it may not be effective in
some cases.!%11 In fact, the current European guidelines do not rec-
ommend in favor or against combination therapy for MDR/XDR P.
aeruginosa infections.!213

In the context of growing prevalence of XDR P. aeruginosa iso-
lates showing resistance to all first-line agents, new molecules with
antipseudomonal action have been developed, as well as new asso-
ciations with beta-lactamase inhibitors: ceftolozane-tazobactam
(C/T), ceftazidime-avibactam (CZA), imipenem-relebactam and
cefiderocol.

Ceftolozane inhibits PBPs present in P. aeruginosa and is not
affected by non-extended spectrum beta-lactamases class D oxacil-
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linases and AmpC 3-lactamases, while tazobactam inhibits class
A serine [(3-lactamases and extended spectrum beta-lactamases
(ESBL). With these features, C/T is a broad spectrum antimicrobial
and also a very active antipseudomonal agent, including activ-
ity against non-carbapenemase producing MDR/XDR P. aeruginosa
strains.'* Currently C/T is approved at a dose of 1.5g every 8h
as a 1h rate of infusion (ceftolozane 1g and tazobactam 0.5g)
for complicated urinary tract infections (cUTI) and complicated
intra-abdominal infections (cIAl) in combination with metron-
idazole, and 3g every 8h (ceftolozane 2g and tazobactam 1g)
for hospital-acquired pneumonia including ventilator-associated
bacterial pneumonia (HABP/VABP) caused by Gram-negative
organisms. However, the severity of MDR/XDR P. aeruginosa strains
has led physicians to off-label use of C/T and it is generally
reserved for the use against MDR/XDR P. aeruginosa strains. C/T
has shown promising results for the treatment of infections caused
by multidrug-resistant P. aeruginosa in some observational clinical
series.’>16 However, more studies are needed to further evalu-
ate the efficacy and safety of ceftolozane/tazobactam in different
patient populations and settings. In the current EIMC issue, a mul-
ticenter Portuguese real-life study shows that C/T was effective in
treating a variety of infections mostly due to XDR P. aeruginosa
(85.9%), including severe patients with important comorbidities as
cancer (32%) and neutropenia (12.5%). Respiratory tract infections
were the most frequent (28.1%). C/T was mostly used as targeted
therapy (98.4%) and as monotherapy (72.7%). The study showed
high rates of microbiological (79.2%) and clinical (78.7%) success.
However in-hospital mortality was quite high (34%), probably due
to the comorbidity of included patients. Selection of resistance was
detected in 5 (7.8%) patients with difficult to treat infections. This
study somehow reinforces the results of the initial pivotal stud-
ies where, as usual, there are few patients with severe infections
caused by XDR P aeruginosa.'”

Ceftazidime-avibactam is a combination of the antipseu-
domonal cephalosporin, ceftazidime, with avibactam, a new
beta-lactamase inhibitor. This combinations shows an improve-
ment in activity against beta-lactamases belonging to classes A
and C, as well as some enzymes of class D, but is not active
against metallo-betalactamase producers.'® Avibactam reduces
the minimum inhibitory concentrations of ceftazidime against P.
aeruginosa by preventing it from being degraded by P. aeruginosa
AmpC enzymes, but also by ESBLs, KPC, OXA-48 and class A car-
bapenemases such GES enzymes if they are present.'® CZA has an
important activity against XDR P. aeruginosa and it is an important
addition to the armamentarium of antibiotics for the treatment of
these infections. However, like with all antibiotics, its use should be
judicious and optimized to prevent the emergence of resistance.?’
In the last five years, there have been several studies and publi-
cations on CZA and its use in the treatment of XDR P. aeruginosa
infections.?!22 Overall, these studies suggest that this durg is a
promising option for the treatment of XDR P. aeruginosa infections,
with high clinical cure rates and a favorable safety profile.

Imipenem-relebactam is a combination of imipenem with a
new beta-lactamase inhibitor, relebactam. The in vitro spectrum
of activity includes class C beta-lactamases, including AmpC and
Pseudomonas-derived cephalosporinases found in MDR P. aerugi-
nosa. Moreover, this combination is unaffected by OprD deletions
or efflux pump-mediated resistance in P. aeruginosa.”* Therefore,
this new drug is an interesting potential agent for the treatment
of XDR P. aeruginosa infections. However clinical data on the expe-
rience of imipenem-relebactam in these infections is scarce. Data
from small clinical series show promising results.2>

Cefiderocol is a novel siderophore cephalosporin with abun-
dant penetration capacity into the periplasmic space using the
iron transport system and with a high stability to hydrolysis by
all Ambler B-lactamases classes. It has become the first agent with
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activity against bacteria carrying class B 3-lactamases (metallo-
betalactamases).25 It was introduced recently by the US Food and
Drug Administration (FDA) in November 201927 and by the Euro-
pean Medicines Agency (EMA) in May 2020.23 In vitro, preclinical,
and clinical studies have shown expanded activity of cefidero-
col against MDR bacteria including XDR P. aeruginosa, compared
to other commercialized antibiotics.?82° The efficacy of cefidero-
col has been tested in two randomized controlled trials compared
with carbapenems in complicated urinary tract infections (APEKS-
cUTI) and nosocomial pneumonia (APEKS-NP) with non-inferiority
results.?%31 In another randomized control trial, the CREDIBLE-CR
study, its efficacy was demonstrated in the treatment of CRGNB
compared with best available therapy.3?! However, in this study,
the prevalence of P. aeruginosa in the cefiderocol group was only
15%. Real-life studies exploring this specific setting are currently
limited. But given the need to look for new therapeutic options,
although there are some cases reports and small case series pub-
lished, more information is needed related to the use of cefiderocol
in XDR P. aeruginosa infections.2-36

Other alternative therapies, such as phage therapy,
immunotherapy, have also been studied for the treatment of
P. aeruginosa infections.>’” These therapies have shown some
promise in preclinical studies, but more research is needed to
determine their effectiveness and safety in clinical settings.?8

P. aeruginosa is a major problem in healthcare settings world-
wide. The limited number of effective antibiotics and the ability of
P. aeruginosa to rapidly develop resistance make it difficult to treat
these infections. New antibiotics are being developed and stud-
ied and have undoubtedly improved the outlook, but more clinical
data are needed, including randomized control trials with these
new drugs. The search for alternative therapies continues and much
remains to be done to win this difficult battle.
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