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Carbapenemase-producing Enterobacterales (CPE) are significant contributors to the global public health threat of

antimicrobial resistance. OXA-48-like enzymes and their variants are unique carbapenemases with low or null hydrolytic

activity toward carbapenems but no intrinsic activity against expanded-spectrum cephalosporins. CPEs have been

classified by the WHO as high-priority pathogens given their association with morbidity and mortality and the scarce

number of effective antibiotic treatments. In Spain, the frequency of OXA-48 CPE outbreaks is higher than in other

European countries, representing the major resistance mechanism of CPEs. Horizontal transfer of plasmids and poor

effective antibiotic treatment are additional threats to the correct prevention and control of these hospital outbreaks. One

of the most important risk factors is antibiotic pressure, specifically carbapenem overuse.

Keywords: enterobacteria ; carbapenemase

1. Introduction

Enterobacteriaceae were identified as a public health threat since the discovery of their ability to acquire molecular

resistance through extended-spectrum β-lactamases (ESBLs) . In 2016, large-scale genomic sequencing data led to

reclassification of various species, originally included in the family Enterobacteriaceae, in an order called Enterobacterales

.

In order to counteract the menace of antibiotic resistant Enterobacterales, carbapenems were developed and introduced

into the therapeutic arsenal during the decade of 1990 . Since then, these drugs have been widely used as first-line

empirical antibiotic treatment . Nevertheless, this strategy resulted in an even greater problem since the lack in

carbapenem stewardship has led to the development of carbapenem-resistant Enterobacterales (CRE) . Specifically,

the first carbapenemase (NmcA) producer was identified in 1993 in a clinical isolate of Enterobacter cloacae . Since

then, numerous CRE have been reported .

CRE present three main mechanisms of carbapenem resistance: enzyme production, efflux pumps and porin mutations

. Of these, enzyme production is the most frequent resistance mechanism and OXA-48-like enzymes represent one of

the most common CRE enzymes worldwide . The family takes its name from the first identified enzyme, OXA-48, and

includes several sequence variants transmissible via plasmids.

Worldwide Spread

In the last years, surveillance studies have pointed that OXA-48-like cabarpenemases are the most common

carbapenemases in several areas of the world . Moreover, they are increasingly being introduced into non-

endemic regions where they cause nosocomial outbreaks .

A search in PubMed using the terms “OXA-48” and “outbreak” reveals an increasing number of reports in the last years,

from 3 in 2010 to 76 in 2020.

The first identification of this enzyme was reported in Klebsiella pneumoniae isolated from a urinary tract infection sample

in 2001 in Turkey . Since then, a number of nosocomial outbreaks of these bacteria have been reported in this country

. A rapid spread led to first-identification reports in colonization or infection samples in many areas of the world,

especially the Mediterranean region .

In Europe, the first case of OXA-48 identification was reported in Belgium in 2008 . In Africa, reports of carbapenem-

hydrolyzing OXA-48 β-lactamase in K. pneumoniae were communicated in Tunisia in 2010 . In Asia, reports of OXA-48

presence were published in 2012 in Kuwait . In North America, it was first described in the United States in 2013 ,

whereas in South America, the first identification was reported in Brazil in 2014 . In total, more than 50 countries have
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reported outbreaks of OXA-48-producing bacteria to date . In Spain, reports of OXA-48-producing bacteria in

outbreaks were published in 2013 . Since then, several outbreaks have been identified and OXA-48-producing

bacteria have become one of the major causal agents of hospital outbreaks in our country .

2. Treatment

Optimizing therapy for CRE infections represents a fundamental and increasing research field, continuously updating and

adapting to the epidemiological contexts.

The OXA-48 enzyme hydrolyzes carbapenems but shows very weak activity against extended-spectrum cephalosporins

such as cefepime and ceftazidime , although isolates are frequently multidrug resistant as they combine multiple

resistance mechanisms .

CRE have historically been susceptible to polymyxins, tigecycline or aminoglycosides (especially gentamicin).

Accordingly, these treatments have been widely used as antibiotics of choice for CRE infections. However, varying rates

of resistance to all of them have been reported, thus different antibiotics are continuously being tested. Treatment of OXA-

48 CRE with ceftazidime-avibactam could be effective according to a study conducted in Italy , which is consistent with

the resistance profile of an OXA-48 CRE outbreak in Russia . A study performed in Australia also reported

effectiveness of other avibactam combinations (imipenem-avibactam or aztreonam-avibactam), suggesting that avibactam

may be the most potent β-lactamase inhibitor . Although the authors stated that combined therapy is more effective,

successful outcomes were observed in 70% of the patients treated with ceftazidime-avibactam in monotherapy.

Carbapenem in combination with amikacin or colistin may be useful in certain cases, but recent reports of resistance are

concerning .

In Spain, treatment for CRE with ceftazidime-avibactam has proven to be promising, and other novel combinations

including meropenem-vaborbactam, imipenem-relebactam, plazomicin, cefiderocol, eravacycline and aztreonam-

avibactam . However, meropenem-vaborbactam  and imipenem-relebactam  are not effective against OXA-48

producers, and limited data are available on eravacycline against CRE . Therefore, the β-lactamase inhibitor with more

contrasted efficacy on OXA-48 producers is avibactam. Regarding cephalosporins, despite the paucity of clinical data and

the fact that OXA-48 CRE are associated with ESLBs (which implies resistance to cephalosporins), a recent Spanish

systematic review suggested that ceftazidime without avibactam could be a therapeutic option . Plazomicin is another

therapeutic alternative, which has been reported to be effective in some CREs , although it is not commercialized in

Spain. Cefiderocol showed encouraging results in terms of efficacy and safety in a clinical trial , covering a very wide

spectrum of bacteria. Given its siderophore mechanism of action, based on the use of ferric iron transporter systems ,

cefiderocol has been referred to as a “Trojan horse” antibiotic. This drug is available in Spain and has been advocated as

a promising future therapeutic option. Finally, ertapenem and meropenem have shown in vitro synergistic activity against

CRE , although they are not currently recommended for the treatment of OXA-48 producers. Other new drugs with

activity against some CPE isolates are at different stages of development  and will probably be incorporated into the

commercialized therapeutic arsenal in Spain in the next years.

It is important to note that several OXA-48-like variants, such as OXA-163, completely lose their ability to hydrolyze

carbapenems and display an ESBL phenotype. Accordingly, they hydrolyze ceftazidime and confer high levels of

resistance to this drug when expressed in Enterobacterales.

Overall, the therapeutic approach to OXA-48 CRE infections must be individualized according to susceptibility, type and

severity of infection, and to the characteristics of the patient. Limited data are currently available on the best strategy for

OXA-48 CRE, thus future studies might be crucial for optimizing the therapeutic approaches.

3. Conclusions

The frequency of CRE colonization or infection is increasing in hospital outbreaks around the world. In Spain, this

frequency is higher than the European average. OXA-48 is the most common enzymatic resistance mechanism of CRE in

Spain . Colonization in the ICU and infections of the surgical site are especially complicated and, therefore, specific

preventive measures should be implemented in these settings. Plasmid transfer between different species has been

described, and the presence of possible host bacteria in patients should be considered in order to implement appropriate

isolation and preventive measures when an OXA-48 outbreak is identified. One of the most preventable risk factors for

hospital outbreaks caused by OXA-48 bacteria is a lack of adequate antibiotic stewardship. In Spain, an overall high

frequency of carbapenem overuse (especially ertapenem) has been described in 2019, although regional differences in

the percentage of antibiotic use in hospitalization were also reported. Accordingly, specific programs focused on
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optimizing antibiotic stewardship are required. Finally, preventive control measures need to be reinforced and

continuously updated and adapted to identify and control OXA-48 CRE in Spanish hospitals with the aim to stop this

growing global health threat.
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