
• Sequence types ST231 and ST147 have been associated with carbapenem 
resistance, community invasive infections and hospital outbreaks8,9. 

• Genes conferring resistance to sulphonamides, β-lactams, aminoglycosides, 
macrolides, chloramphenicol, fosfomycin and trimethoprim were also detected.

• Besides being located in plasmids, blaKPC-3, blaGES-5 and blaNDM-1 were all 
associated to mobile genetic elements that may contribute to their dissemination.
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The problematic of antibiotic resistance took unprecedented proportions during the last years, as it now represents a major challenge for public health
systems all over the world1. Carbapenem-Resistant Enterobacteriaceae (CRE) infections are among the main concerns, since they threaten the efficacy of
these last resort drugs2. More recently, with the rise of the One Health concept, the environment has gained notoriety and reports on the occurrence of
environmental CRE and carbapenemase genes have been increasing all throughout the world in diverse sources3-5.
Our research is focused on Lis River (Leiria district), which is a fitting example of a highly polluted hydrographic basin that has been exposed to repeated
ecological disasters due to illegal waste discharges from intensive animal production farms6.

• Our results illustrate Lis River as an important reservoir of CRE that are persistent over a three-year period (2017-2019);

• We report for the first time in Portugal the occurrence of blaNDM-harbouring Enterobacteriaceae in an environmental niche;

• These results emphasize the need to monitor antibiotic resistance in aquatic environments, especially resistance to last-
resort drugs such as carbapenems;

• Our ongoing research aims to include water quality analysis, qPCR-based quantification of antibiotic resistance genes and
microbial source tracking. Ultimately, the potential CRE contamination sources will be identified.
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Figure 1 - Map of the Lis River Basin showing the location of sampling sites, wastewater treatment 
plants (WWTPs) and swine farms.

Carbapenem and cephalosporin resistance was successfully 
transferred from 6 blaKPC-harbouring Klebsiella spp. to an E. 
coli J53 recipient strain.  

Table 1 – Overview of the CRE collection obtained during this study Table 2 – Overview of the whole-genome sequence analysis of representative isolates Enterobacter CR11, Klebsiella
CR12 (both collected near site P9); Klebsiella CR20 and Citrobacter CR16 (both collected near WWTP Olhalvas)7. 

blaKPC-harbouring Klebsiella spp. represented the majority 
(77.8%) of the CRE collection.

Most CRE  were obtained from sites located near Leiria 
metropolitan area (80%).

During the study period, a total of 45 CRE isolates harbouring 
carbapenemases were obtained, all of them exhibiting a 
multidrug resistance phenotype.
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blaNDM-harbouring Enterobacteriaceae were identified in all 
sampling campaigns – first report in an environmental 
setting in Portugal 

Our aims are to determine the occurrence, diversity and prevalence of CRE and carbapenemase genes in the Lis river basin, rendering special focus to the
genetic platforms where these genes are located.


