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Three main issues associated with the environment 
highlighted in WHO / EU Action plans

• Role of pharmaceuticals in the environment driving 
emergence of AMR

• Circulation of AMR in the environment• Circulation of AMR in the environment

• Environmental transmission of AMR 



Antibiotic resistance:
an ancient phenomenon

Samples from permafrost before
the ”Age of Antibiotics”

 Enormous variety of 
resistance genes against modern

antibiotics

D’Costa et al., 2011, Nature Letters



Mobility of antibiotic resistance genes and their bacterial hosts 
from the natural and farmed environment to humans

• Rare gene transfer events that lead to new genetic combinations – rare but can 
be extremely important – origin of genes in previously susceptible human 
pathogens is recognised as the environmental resistome

• Acute transmission events. Relatively common, introduction of human and 
animal associated AMR bacteria to aquatic and soil systems and human 
exposure to these bacteria/genes in environmental settings.
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Antibiotic resistance: the present situation reviewed. Linton et al, 1977.



Role of pharmaceuticals in the environment 
driving emergence of AMR



Chromosomal mutation in single species 
competition assays

• Streptomycin MSC was ¼ of MIC
1 mg / L

• Tetracycline MSC was 1/100 of MIC
15 µg / L

• Ciprofloxacin MSC was between 1/10 and 
1/230 of MIC 2.5 µg – 100 ng / L



Antibiotic selection in complex microbial communities 
at sub-therapeutic concentrations

Alex Valm

A schematic of a serial transfer experiment 
(from Sprouffske et al., 2012)

Competition between 100s-1000s of species (susceptible, acquired resistant and intrinsically resistant)



Figure 3. Risk Quotients (RQs) = PNECR/maximum measured environmental concentration 
(‘MEC’, circles) or median MEC (triangles). MECs were extracted from the 
Umweltbundesamt (UBA) pharmaceuticals in the environment database freely available 
online, for hospital effluent, wastewater influent and wastewater effluent samples. Risk 
was broadly classified in a traffic light system: low (green) risk, RQ = 0 - <0.1, medium 
(orange) risk, Q = >0.1 and <1, high (red) risk, RQ = >1. Exact RQ values are also 
reported. NB gentamicin RQ based on PEC data.  
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Circulation of AMR in the environment





Fitted and observed relationship with 95% confidence limits
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Linear regression models accounted 
for 82.9 % of the variance seen in 

log integron prevalence at different 
sites in the Thames River Basin.

50% of variance associated with 
point source and 30% with diffuse 

pollution 

model includes WWTP and land use 2km from river 
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Predicted log integron prevalence

pollution 

Amos, G.C.A., Singer, A.C., Bowes, M.J., Gaze, W.H., Wellington, E.M.H. et al., (2015) 
Identifying the drivers for antibiotic resistance dissemination in the environment. ISME J. 



Environmental transmission of AMR Environmental transmission of AMR 



“Surprisingly, we found that antibiotic 
consumption was poorly correlated with consumption was poorly correlated with 
antimicrobial resistance levels”

“a high prevalence of antimicrobial resistance 
can be more likely attributed to the 
dissemination of antimicrobial resistance, 
especially via poor sanitation and 
contaminated potable water” 





Summary

• Evidence suggests selection for AMR at sub-therapeutic concentrations is 
likely to occur in all animal, human and environmental compartments

• Most antibiotics used end up in the environment, with diverse bacteria from 
multiple sources increasing the likelihood of emergence of novel resistance 
genes from the environmental resistome

• AMR in aquatic systems correlates with pollution sources from both human 
and animal sources

• There is significant evidence of transmission of AMR associated with WASH in 
LMICs and HICs



• Accurate MSCs for single compounds and complex mixtures to understand 
selective potential in the environment

Research Needs

• Models to predict emergence / evolution of AMR in impacted environments

• Understanding “acute” risk of environmental transmission (colonisation 
and infection) to human populations living around and utilising impacted 
environments

• Prioritisation by cost : benefit for interventions and mitigation strategies 
to reduce evolution and transmission of AMR
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