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Antibiotic resistance to ?-lactams, particularly carbapenems, poses a significant
challenge in treating bacterial infections. One major resistance mechanism is the
production of ?-lactamases (BLs), hydrolytic enzymes that degrade ?-lactams.
Bacterial responses to antibiotics are heavily influenced by interactions with other
microorganisms. However, these interactions are often overlooked in
determinations of pathogen sensitivity to antibiotics. Specifically, BL production
by one bacterium can reduce the availability of active drug, acting as a "shared
resource" that benefits other coexisting bacterial species. Outer membrane
vesicles (OMVs) play a crucial role in mediating cooperative interactions among
co-infecting bacteria by transporting BLs and the genes encoding them. This
transport enhances the survival of the bacterial community. This work focused on
studying the role of OMVs in these dynamics by using carbapenemase-
producing Klebsiella pneumoniae (Kp) strains—ranked as the top bacterial
pathogens by the WHO for 2024—and Pseudomonas aeruginosa (Pa). Both Pa
and Kp are commonly found in mixed communities and are prevalent in
polymicrobial infections associated with urinary tract infections and chronic
wounds. We evaluated the effect of co-cultures on antibiotic resistance by
minimum inhibitory concentration (MIC) determinations of mono- and co-cultures
against imipenem (IMP) and subsequently distinguished Kp from Pa by plating
onto a differential chromogenic culture medium. This revealed the ability of Kp
expressing blaNDM-1 or blaNDM-7 (NDM: New Delhi Metallo- ?-lactamase) to
cross-protect Pa against IMP, with a greater shielding effect observed in the case
of NDM-7. In contrast, Kp expressing blaKPC-2 (KPC: Klebsiella pneumoniae
carbapenemase) or carrying the empty vector (EV) did not protect IMP-
susceptible Pa. Given that effective protection occurred with Kp expressing
NDM-1 or NDM-7—lipoproteins anchored to the outer membrane—and was
negligible with KPC-2, a soluble periplasmic ?-lactamase, we investigated the



role of OMVs from Kp in packaging these BLs and their contribution to cross-
protection. OMVs were purified from solid medium of Kp carrying EV or
expressing BLs, and from clinical isolates producing NDM-5 or NDM-7. OMVs
from Kp were enriched with NDM-type enzymes compared to KPC-2 and
exhibited greater activity against nitrocefin. Co-incubation of OMVs from Kp bla
NDMs with imipenem-susceptible Kp or Pa cells improved their survival up to
128 µg/mL of IMP, whereas OMVs from Kp blaKPC-2 only allowed growth up to
1 µg/mL. The findings with the laboratory strain were also applicable to OMVs
purified from clinical isolates, showing high levels of NDMs in their active form
into vesicles. Our results indicate that carbapenemase-producing Kp strains,
particularly those with NDMs, highly prevalent in clinical isolates in Argentina and
Chile, can protect other coexisting bacteria. Future research will investigate
whether the enzyme-mediated protection is coupled with genetic material
transfer.
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