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Abstract

Background: Wastewater treatment plants (WWTPs) are critical points for the selection and
transmission of antimicrobial resistance (AMR), which has become a major global public health
concern [1,2]. The One Health approach is essential in addressing this issue, as AMR affects both
human and environmental health [3]. Objective: To evaluate the role of WWTPs as reservoirs and/or
sources of antimicrobial-resistant Escherichia coli, a key indicator of fecal contamination. Methods:
Samples were collected from a WWTP located in northern Portugal, designed primarily for domestic
sewage treatment. The sampling covered various stages of the treatment process: influent (untreated
water), effluent (treated water), biological sludge, and dehydrated sludge, across four seasons (Spring,
Summer, Autumn, and Winter). Escherichia coli levels were quantified using MUG-EC microplates
(with and without ciprofloxacin, 1 pg/mL) for influent and effluent samples. Bacterial isolation and
enumeration were performed using Chromogenic Coliform Agar (CCA) for all sample types, with
isolate identification via 16S rRNA analysis. Antimicrobial susceptibility testing (AST) was
conducted using the disk diffusion method (CLSI/EUCAST). Results: E. coli levels showed a
reduction by a factor of approximately 10' (Autumn and Winter) to 102 (Spring and Summer) between
influent and effluent. The study with ciprofloxacin showed that the levels of resistant strains increased
in Spring but decreased in the other 3 seasons. In general, the enumeration of E. coli using CCA
correlated with the MUG-EC results. The 16S rRNA gene affiliation resulted in non-discriminatory
results between Escherichia spp. and Shigella spp., leading to difficult AST interpretation. Despite
this, variable susceptibility to gentamicin, tetracycline, ciprofloxacin, and imipenem was observed. Of
concern, bacteria released into the environment via effluent (discharged directly into water bodies)
and dehydrated sludge (used in agriculture) exhibited higher AMR profiles, including multidrug
resistance (MDR). Conclusions: This study demonstrates that WWTP treatment effectively reduces
microbial load. However, the presence of antimicrobial-resistant bacteria in effluents and sludge,
particularly with MDR profiles, raises concerns regarding environmental dissemination. Given the
seasonal variability in AMR levels and the small sample size, further studies are needed to
comprehensively assess AMR throughout WWTPs and its environmental impact.
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