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MDR in MBL Producers

Metallo-beta-lactamase (MBL) producers have become a major problem internationally. Since 
the first description of IMP-type MBLs in Japan, the MBLs have been found worldwide. Of 
geographic note are the VIM-producers in Mediterranean countries, SPM-producers in Brazil 
and NDM-producers in the Indian sub-continent. MBL production leads to resistance to all beta-
lactam antibiotics except aztreonam. Furthermore, the MBLs are not inhibited by currently 
available beta-lactamase inhibitors. Therefore, the most currently used empiric antibiotics 
(cephalosporins, penicillins with beta-lactamase inhibitors and carbapenems) are inactive against 
MBL producers. Additionally, MBL producers are frequently resistant to aminoglycosides and 
fluoroquinolones. The sum result is multidrug resistance leading to susceptibility typically only 
to polymyxins and tigecycline.

---
David Paterson
University of Queensland, Australia

MDR in OXA carbapenemases-producers

Oxacillinases are class D β-lactamases that hydrolyze oxacillin much faster than classical 
penicillins. Some oxacillinases hydrolyze only narrow-spectrum β-lactams, while others can 
inactivate expanded-spectrum β-lactams. Among the oxacillinases, the most feared ones, OXA 
carbapenemases, are those capable of hydrolyzing even the carbapenems.
OXA carbapenemases are mostly produced by Acinetobacter baumannii, and they are often 
resistant to multiple classes of antimicrobial agents. Therefore, multidrug-resistant (MDR) A. 
baumannii has become a problematic nosocomial pathogen, because it causes various infections 
in compromised hospital patients.
 OXA carbapenemase-producing Acinetobacter isolates are more prevalent than MBL-producing 
isolates. Phenotypic identification of Acinetobacter spp. is difficult. Therefore, MBL-producing 
isolates have commonly been reported as A. baumannii. However, recent genetic identification 
has shown that the majority of MBL-producing isolates in Korea were non-baumannii 
Acinetobacter. 
MDR A. baumannii are usually defined as isolates resistant to more than three classes of 
antimicrobial agents. In a recent US study, the proportion of MDR A. baumannii was 72%, and 
58% were resistant to imipenem, amikacin, and ampicillin-sulbactam. A global surveillance 
program from 2003 to 2007 showed that approximately 30% of the isolates from 145 hospitals 
were resistant to carbapenems. In nationwide Korean surveillances, imipenem-resistant 
Acinetobacter increased from 1% in 1997 to 22% in 2007, and many of these were resistant to 
multiple classes of antimicrobial agents. 
OXA-23, the first OXA carbapenemase to be identified, now contributes to the majority of 
carbapenem resistance in A. baumannii, but other acquired OXA carbapenemases and IS 
element-mediated expression of intrinsic blaOXA-51-like genes also contribute to resistance in 
some isolates. Currently, 202 variants of class D β-lactamases have been identified and at 
least 84 of these exhibit carbapenemase activities. Since the discovery of OXA-51 in 2004, 

---
Kyungwon Lee
Yonsei University, Korea
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the number of related enzymes in this group has increased to at least 47, and they appear to 
be ubiquitous in A. baumannii. A novel blaOXA-182, which is closely related to the novel OXA 
carbapenemase gene blaOXA-143, has recently emerged in Korea.
Aminoglycoside-modifying enzymes are highly prevalent in MDR A. baumannii strains. 
Recently, 16S rRNA methylase, confering high-level resistance to aminoglycosides, has been 
described in A. baumannii strains. Alterations in DNA gyrase or topoisomerase IV have been 
well-documented in quinolone-resistant strains. Resistance to tetracyclines can be mediated by 
tet(A) and tet(B)-mediated ribosomal protection. 
Although, most of the OXA carbapenemases show only weak hydrolytic activity, carbapenem 
resistance may result from the combined action of these enzymes and other resistance 
mechanisms, such as porin loss and overexpressed efflux pumps. A wide array of efflux systems 
were reported in MDR A. baumannii strains. The resistance-nodulation-division (RND) family-
type pump AdeABC has a wide substrate profile that includes β-lactams including carbapenems, 
aminoglycosides, erythromycin, chloramphenicol, tetracyclines, fluoroquinolones, trimethoprim, 
and ethidium bromide.
Carbapenem and multiply-resistant A. baumannii are widespread in some parts of world. They 
are usually susceptible only to tigecycline and polymyxins. A recent study from the UK showed 
that only colistin and tigecycline retained good in vitro activity, with 80-100% of isolates 
susceptible. Although tigecycline and colistin were generally active in vitro, their intravenous 
use had little clear effect on the outcomes. 
OXA carbapenemase-producing A. baumannii are usually multi-resistant, thus restricting 
available therapeutic options for infected patients and increasing the length of hospital stay and 
mortality. Continuing emergence and spread of OXA carbapenemases in A. baumannii represent 
a worrisome threat. The identification and execution of effective infection control measures to 
reduce the spread of MDR OXA carbapenemase producers is an important but difficult task that 
must be undertaken. 
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