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CONSEQUENCES OF OVERUSE OR MISUSE OF ANTIBIOTICS



Antimicrobial resistance is ancient, natural and is found in 

environments with no exposure to antibiotics

o Viable multidrug-resistant bacteria have been cultured from the Lechuguilla 

Cave in New Mexico, totally isolated for >4 million years (Bhullar et al., 

2012). 

o Antibiotic resistant marine bacteria have been found as far as 522KM 

offshore and in deep sea at depths of 8200m (Aminov, 2011).

o Evolution of antibiotic resistance genes predates evolution of Actinomycetes.

o Some of the antibiotic resistance genes have not evolved to protect against 

antibiotics but have other metabolic functions. 



Resistance genes have other functions in the cell

o ampC beta-lactamase is involved in maintaining normal 

morphology in Escherichia coli.

o Efflux pumps are involved in efflux of several compounds

o blaoxy beta-lactamase has metabolic function in Klebsiella 

oxytoca



Resistance genes found in environmental bacteria without 

exposure to antibiotics

o qnr gene conferring resistance to quinolones are found in 

marine bacteria like Shewanella algae and Vibrio spp.

o CTX-M beta-lactamase is present in environmental bacteria 

like Kluyvera



Some bacteria have intrinsic resistance

o The intrinsic resistance of a bacterial species to a particular antibiotic 

is the ability to resist the action of that antibiotic as a result of 

inherent structural or functional characteristics.

o For example, the glycopeptide antibiotic vancomycin inhibits 

peptidoglycan crosslinking by binding to target d-Ala-d-Ala peptides, 

but in Gram-negative organisms, it cannot cross the outer membrane 

and access these peptides in the periplasm 

o Aeromonas has intrinsic beta-lactamases which makes them 

resistant to ampicillin.





Acquired antimicrobial resistance

o When microorganisms once sensitive to an antimicrobial agent 

become resistance to that particular antibiotic, the resistance 

is acquired. 

o The acquired resistance could be due to genetic changes such 

as mutations or acquisition of genes contributing to resistance 

through horizontal gene transfer. 







Acquired antimicrobial resistance

o Antibiotic resistance genes may be transferred through in 

mobile genetic elements such as plasmids, transposons, 

bacteriophages, genomic islands or integrons. 

o Though integrons are not self-mobile, they contain gene 

cassettes that are mobile. 





Phenotypic resistance and mechanisms of resistance

o When same phenotypic resistance is detected in two isolates 

eg one from aquatic environment and another from a clinical 

case, the two isolates may have different resistance genes.

o Eg tetracycline resistance could be due to (a) over 

production of efflux proteins or (b) production of 

ribosomal protection proteins or (c) production of 

tetracycline inactivating proteins 



Limitations of phenotypic methods

o Isolation of bacteria 24-48h

oSusceptibility testing 24h

oSome antibiotic genes could be silent, but could 

be a source for gene spread



Genotypic methods

oUse modern molecular biology techniques to 

detect and characterise genes encoding 

antibiotic resistance

oNo need for bacterial growth- rapid could be 

within 4 hrs

oSensitive and point of care



Polymerase chain reaction (PCR)

o In vitro nucleic acid amplification method





Loop-mediated Isothermal amplification (LAMP)



LAMP- sensitivity and advantages



Real time PCR

Sensitive detection of multiple targets in one reaction





Whole genome sequencing

o The human genome project cost US$ 1 billion and took 

13 years to complete.

o Today sequencing human genome costs $3000 and can 

be completed in two days.



https://www.cdc.gov/pulsenet/pathogens/protocol-images.html#wgs



Commercial availability

o Panels for genome testing available for clinical 

microbiology laboratories

o Cost coming down and technology becoming more 

accessible.
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RESISTANT MICROORGANISMS SELECTED IN OTHER SECTORS 

COULD REACH WATER SOURCE USED IN AQUACULTURE



Singer et al., 

2016



Source: Nesme et al., 2014



Aspects not considered in many publications on AMR associated 

with aquaculture

o Intrinsic resistance in many aquatic bacteria – Aeromonas to 

ampicillin.

o Selection of antibiotic resistant bacteria due to exposure to chemical 

pollutants, heavy metals.

o AMR introduced into aquaculture environment from other sectors



AMR not related to use of antibiotics in aquaculture

o Culture-independent studies in the Baltic sea show presence of resistance 

genes encoding resistance to sulphonamides, trimethoprim, tetracycline, 

aminoglycoside, chloramphenicol and also genes encoding multidrug efflux 

pumps in sediments below fish farms, though some antibiotics like 

tetracyclines, aminoglycosides and chloramphenicol are not used in this area 

(Muziasari et al., 2017). 

o Most Vibrio vulnificus strains isolated from Dutch eel farms showed 

resistance to cefoxitin, though this antibiotic was not used in eel aquaculture 

(Haenen et al., 2014). 



AMR data Using microorganisms isolated from fish at retail level

o Changes in microflora during handling and processing

o It may not be possible to pick up indicators that represents aquaculture 

environment at this point.

o Large amount of data on aquaculture products at retail level



Linking resistome in environment and clinic

o Environmental resistome highly diverse

o Resistome in clinical pathogens very small in diversity

o What maintains environmental resistome?

o What are transfer bottlenecks?



Summary

o Antibiotic resistant bacteria can be found in many aquaculture 

systems.

o Some of them may be intrinsic resistance, some may be selected 

due to antibitoic use, some of them may be derived from antibiotic 

use in other sectors.

o It is difficult to trace the source of AMR found in aquatic bacteria

o Tracing the source of resistance determinants is very complex.
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