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Resistance of gram-negative bacteria to antimicrobial drugs has increased exponentially
globally in recent years and is a daily challenge for hospital practice. The irrational choice of
antimicrobial drugs, their dosage regimens, and the coronavirus pandemic cause therapeutic failures
and lead to the further escalation of antimicrobial resistance. [1, p. 5] An extremely relevant way to
limit its spread is using already-known antibiotics in combination with beta-lactamase inhibitors.
During the current year, the European Medicines Agency (EMA) approved two new drugs that are a
combination of a beta-lactam antibiotic and a beta-lactamase inhibitor - cefepime/enmetazobactam
and aztreonam/avibactam. Both drugs are positioned for treating complicated urinary tract
infections, including pyelonephritis, and nosocomial pneumonia, including those associated with
mechanical ventilation. [2]

The purpose of the work was a theoretical study of the features and generalisation of
information about new fixed combinations of antibacterial drugs and the determination of the
following directions of scientific research.

The official reports of the European Medicines Agency (EMA), European Committee on
Antimicrobial Susceptibility Testing (EUCAST) protocols, the PubMed platform, and the MSD
directory were processed for analysis. Theoretical methods of research - analysis, synthesis and
generalisation - were used.

The mechanism of action of cefepime and aztreonam, due to their belonging to beta-lactam
antibiotics, is inhibition of final transpeptidation due to the formation of covalent bonds with
penicillin-binding proteins that have transpeptidase and carboxypeptidase activity, thus preventing
the formation of cross-links peptidoglycan. [3]

The pharmacodynamic advantage of cefepime includes the development of a bactericidal
effect by triggering autolytic enzymes in the bacterial envelope. Its spectrum of action includes
gram-positive cocci, gram-negative bacilli (enhanced activity), in particular P. aeruginosa, as well
as some species of Enterobacterales that produce AmpC beta-lactamase in specific species of
Enterobacter. [4]

Aztreonam is the only beta-lactam antibiotic that exhibits resistance to enzymes, including
Metallo-β-lactamase (MBL)-producing bacteria. Still, monobactams are cleaved by other
β-lactamases often co-produced with MBL, limiting the clinical utility of aztreonam monotherapy.
Its spectrum of action includes Enterobacterales that do not produce AmpC beta-lactamase,
extended-spectrum beta-lactamase (ESBL) or carbapenemase Klebsiella pneumoniae (KPC) and P.
aeruginosa. [5]

Compared to single-component drugs, combinations with beta-lactamase inhibitors show
extraordinary resistance to developing resistance. Cefepime/enmetazobactam is a fixed-dose
combination of the intravenous antibiotic enmetazobactam, a novel extended-spectrum lactamase
inhibitor belonging to the penicillanic acid sulfone class, with the 4th-generation cephalosporin
cefepime. EMA evaluation reports show that enmetazobactam restores the efficacy of cefepime
against some multidrug-resistant bacteria, including ESBL-producing pathogens, alone or in
combination with some beta-lactamase resistance mutations, such as OXA-48 or AmpC, which are
on the rise in Europe and for which there are few therapeutic alternatives.

mailto:om.doroshenko@knmu.edu.ua


11

Combining aztreonam with avibactam is the first approved in the European Union to restore
the activity of aztreonam against MBL-producing and other β-lactamase bacteria. It provides a
well-tolerated and effective treatment option against multidrug-resistant Gram-negative bacteria,
including MBL-producing Enterobacterales, designated by WHO as a critical priority pathogen.

It should be noted that to date, there are still no effective beta-lactamase inhibitors active
against Metallo-β-lactamase types NDM-1 (New Delhi MBL-1), VIM (Verona Integron-encoded
MBL) and IMP (imipenem).

To sum up, new combinations are a promising tool in the fight against superinfection and
limiting antibiotic resistance but are not the final solution to these problems. Further monitoring of
possible resistance development mechanisms to combinations of cefepime/enmetazobactam and
aztreonam/avibactam requires focused attention. Also, the search for new ways to overcome the
decrease in sensitivity of multiresistant bacteria to existing antibiotics remains a significant
challenge.
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