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Abstract

The increasing spread of antibiotic-resistant bacteria originating from
animals poses a significant threat to public health and environmental safety,
particularly in environments associated with animal production. This study
focused on identifying and monitoring indicators of antimicrobial resistance
(AMR) in bacteria isolated from slaughterhouse and butcher shops wastewater by

integrating microbiological and molecular approaches.

Samples were collected from slaughterhouse and butcher shops wastewater,
and 56 bacterial isolates were recovered, including Escherichia coli, Bacillus spp.,
Pseudomonas aeruginosa, Enterococcus spp., Klebsiella pneumoniae, Proteus
spp., as well as several Staphylococcus species. Using three types of chromogenic
media and antibiotic susceptibility testing, the results revealed widespread
resistance to key antibiotics that represent essential therapeutic lines in both
humans and animals, such as methicillin, imipenem, vancomycin, azithromycin,

and ciprofloxacin.

Ten resistance genes, including mecA, blaIMP, vanA, MefA, gyrA, aac, and
rpoB, were selected for analysis using Real-Time PCR. The results showed that
mecA, blaIMP, and vanA were among the most prevalent genes, demonstrating a
clear correlation with the phenotypic resistance patterns of individual isolates.
Real-Time PCR provided a rapid and sensitive tool for detecting resistance genes
and for the early identification of multidrug-resistant bacteria without the need for

culture.

The study also demonstrated that treatment with Acridine Orange (AO) led
to inhibition or reduction of resistance gene activity, as assessed through gene
expression levels. A slight decrease in the expression of certain genes, such as
rpoB, linB, and dfrA, indicated an actual decline in their transcriptional activity

following treatment.
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The expression patterns observed using the gPCR AACt method provided a
clear indication of transcriptional responses after AO exposure, offering valuable
insights into its impact on resistance gene activity. The treatment was shown to
suppress or inhibit the activity of certain resistance genes, thereby contributing to
the potential facilitation of slaughterhouse and butcher shops wastewater
treatment before its release into the environment, with a degree of effectiveness

comparable to that of conventional disinfectants.

These findings lead to the conclusion that slaughterhouse and butcher shops
wastewater constitutes a major reservoir and effective vector for multidrug-
resistant bacteria and their resistance genes, posing a risk to both public health
and the environment. Therefore, this study recommends the integration of
molecular surveillance into monitoring strategies and the development of
specialized treatment facilities capable of eliminating resistant bacteria and their
genes. The results also support the application of the One Health approach to limit
the spread of resistance through improved animal waste management, the
reduction of unjustified antibiotic use in animal agriculture, and the promotion of
research collaboration and specialized laboratories to monitor this phenomenon at

both local and international levels.



