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“Environment” in the context of One 
Health mentioned 5 times

https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/244058/20130902_UK_5_year_AMR_strategy.pdf


• This action plan underscores the need for an effective “one health” 
approach involving coordination among numerous international 
sectors and actors, including human and veterinary medicine, 
agriculture, finance, environment, and well informed consumers. 

• Drug-resistant bacteria can circulate in populations of human 
beings and animals, through food, water and the environment, 
and transmission is influenced by trade, travel and both human 
and animal migration. 

• The potential impact of antimicrobials in the environment is also of 
concern to many.

1. Understanding how resistance develops and spreads, including how resistance circulates within and 
between humans and animals and through food, water and the environment, is important for the 
development of new tools, policies and regulations to counter antimicrobial resistance.

2. Develop, with FAO and OIE communication, education and training materials that can be adapted 
and implemented regionally and nationally, on subjects that include the need for responsible use of 
antibiotics, the importance of infection prevention in human and animal health and agricultural 
practice, and measures to control spread of resistant organisms through food and the environment. 

3. Develop standards and guidance (within the tripartite collaboration with FAO and OIE), based on 
best available evidence of harms, for the presence of antimicrobial agents and their residues in the 
environment, especially in water, wastewater and food (including aquatic and terrestrial animal feed).

WHO, 2015

WHO AMR Action Plan



AMR action plan 2017

“Environment” 
mentioned 31 times

• Consider options for the 
harmonised monitoring of 
AMR in the environment, 
including through the 
network of national 
reference laboratories in 
the veterinary sector.

A European One Health Action 
Plan Against Antimicrobial 

Resistance





Three main issues associated with the environment highlighted 
in EU Action plan

• Circulation of AMR in the environment

• Role of pharmaceuticals in the environment driving AMR

• Environmental transmission of AMR 



© http://drsuzanne.net

Antibiotic resistance is on the rise

Knapp et al., 2010, PNAS



Antibiotic resistance:
An ancient phenomenon

D’Costa et al., 2011, Nature Letters

Samples from permafrost before
the ”Age of Antibiotics”

 Enormous variety of 
resistance genes against modern

antibiotics



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 eg. initial mobilisation of CTX-M extended spectrum β-
lactamase progenitors – subsequently became associated with human 
pathogens and were globally distributed.

• Acute dissemination / transmission events. Common, introduction of human 
and animal associated AMR bacteria to aquatic systems and human exposure 
to these bacteria/genes in environmental settings.



Johnson et al., 2015 Nature Scientific Reports. http://www.nature.com/articles/srep14830

http://www.nature.com/articles/srep14830


The Human Faecal Resistome: relationship to the environment
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AMU in animals and AMR in 
humans





Discussion
• 179 identified studies

• An association between interventions that restrict antibiotic use and reduction in the 
prevalence of antibiotic resistant bacteria in animals and in different human 
subgroups. 

• Overall, reducing antibiotic use decreased prevalence of antibiotic-resistant bacteria 
in animals by about 15% and multidrug-resistant bacteria by 24–32%.

• The evidence of effect on human beings was more limited and less robust, though 
meta-analysis of 13 studies showed similar results, with a 24% absolute reduction in 
the prevalence of antibiotic-resistant bacteria in humans with interventions that 
reduce antibiotic use in animals.

Lancet Planet Health 2017 1: e316–27 http://dx.doi.org/10.1016/S2542-5196(17)30141-9



• Dissemination of resistant bacteria, mobile genetic 
elements and resistance genes

• In situ selection by antibiotic residues and co-
selecting compounds

Antibiotic resistance in the environment

The role of the natural environment in the emergence of antibiotic resistance in 

Gram-negative bacteria. Wellington, Gaze et al. Lancet ID, 2013.

• Human exposure to environmental reservoirs of 
antibiotic resistant organisms / genes



Dissemination of AMR at the 
landscape scale



Yang Y, Li B, Ju F, 
Zhang T. Environ 
Sci Technol 2013; 
47(18): 10197-
205.



•11 BILLION LITRES WASTE WATER DISCHARGED 

PER DAY IN THE UK River

http://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiF-5r1nOTMAhWsB8AKHQHICF0QjRwIBw&url=http://www.heritageopendays.org.uk/directory/severn-trent-water-finham-sewage-treatment-works&bvm=bv.122448493,d.ZGg&psig=AFQjCNGsCJiQwAJqr2PJb4IremRdIu4FmA&ust=1463681571640138
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Amos, Zhang, Hawkey, Gaze, Wellington et al., ISME Journal 2018.
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Geospatial analyses of sampling point TC1, Thames at Wheatley



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 

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. 



Using next generation sequencing to reveal human 
impact on aquatic reservoirs of antibiotic resistant 

bacteria at the catchment scale 

NERC funded directed call on Environmental microbiology and Human Health 
2015 – 2018. £1.2 million. Partners: University of Warwick, University of 
Exeter, Centre for Ecology and Hydrology, Rothamsted Research

Characterise relative abundance and diversity >3,000 AMR 
genes, chemical and geospatial variables at 70 sites – develop 
predictive model and high throughput assays for marker genes 
correlating with specific pollution sources

Stakeholders: AstraZeneca, Thames Water, VMD, PHE, Defra, EA, FSA, Rivers Trusts
Commercial partners: LGC, Advanced Anaerobics, AUT
Overseas HE partners: HKU



Selection for AMR in natural and 
farmed environments





Antibiotic Effluent conc. µg / L (max) Surface waters µg / L (max) 

Penicillin 0.2 -

Erythromycin 6.0 1.7

Fluoroquinolones (ciprofloxacin, 
norofloxacin)

0.1 0.1

Sulfamethoxazol 2.0 1.9

Chloramphenicol 0.5 -

Trimethoprim 0.7 0.7

Kummerer 2009

Environmental antibiotic concentrations

Hospital waste water
Ciprofloxacin 0.70 – 17.3 µg / L, mean 5.12 µg / L (Gomez et al., 2007) 
Cefotaxime 0.41 – 150 µg / L,  mean 9.52 µg / L 

Fluoroquinolones highly enriched in sludge (1.4 to 2.42 mg kg1). Persistent 
in sludge-treated soils months after application. (Golet et al. 2007)

Tetracycline and sulfamethazine reported from liquid manure at 66 mg l-1 and 
40 mg l-1 respectively (Kummerer, 2004)



Gullberg et al. (2011)

Competition assays can determine Minimal 
Selective Concentrations (MSCs)



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

MSCs from Gullberg et al., 2011



Alex Valm

Antibiotic selection in complex microbial 
communities at sub-therapeutic concentrations

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

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



Selection for cefotaxime resistance

Murray et al., Mbio in press.

* p <0.1, ** p <0.05, *** p <0.01 significantly different to no antibiotic control according to 

T-test/ Mann-Whitney U-test with unequal variances, as appropriate. 
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CEH river flume 
system. 
Replicated, 
separate channels 
(5m long) allow 
for in situ
manipulation 
experiments.

Is AMR in the Environment Driven by Dissemination of 
Antibiotics or Antibiotic Resistance Genes? 

Cross Council AMR Theme 3 grant, led by Andrew Singer (CEH) with Liz Wellington 
(Warwick) and Will Gaze (Exeter). £1.5 million.



Transmission of environmental 
AMR to humans & animals



Environmental surveillance - methods

• 97 water samples

• Provided by the 
Environment 
Agency

• July 2012 – Sept 
2012

Map of sampling locations



Results – environmental surveillance

• 15/97 (15%) water samples had E. coli resistant to 
cefotaxime/ceftazidime

• On average 0.12% of all E. coli were resistant to 
cefotaxime/ceftazidime

• 0.07% of all E. coli were harbouring blaCTX-M

• The most common E. coli phylogroup harbouring CTX-Ms were 
phylogroup B2 

• Most of the B2 E. coli harbouring CTX-Ms were confirmed as E. coli 
ST131





Exposure Risk Assessment
• Calculate the number of cefotaxime-resistant E. coli and 

blaCTX-M-bearing E. coli water users are likely to ingest

Leonard et al (2015), Environment International

Exposure = P x D x V

P= Proportion of resistant (or CTX-M-
bearing E. coli)

D= Density of E. coli reported in 
designated waters around 
England and Wales

V= Volume of water ingested during a 
particular water sport. 



Results – exposure risk assessment

• 6.3 million exposure 
events to phenotypically 
resistant E. coli

• 2.5 million exposure 
events to blaCTX-M- bearing 
E. coli 

• Surfers swallow most 
water compared to other 
water users and are 
therefore at greatest risk 
of exposure

Surfing (adults) Diving (adults)Swimming (adults)

Mean number of phenotypically resistant E. coli swimmers 
(white, surfers (pale blue) and divers (dark blue) typically 
ingest per session of each activity









Epidemiological survey - methods

• Cross-sectional study to compare faecal carriage rates of 
antibiotic resistant E. coli in people who surf regularly to people 
who don’t

– Exposure group: ~150 frequent surfers (surf >once per week)

– Comparator group: ~150 recruits with limited exposure to seawater

• Worked with local Charity, Surfers Against Sewage, to help with 
recruitment



Results
Surfers
(N=143)

Controls
(N=130)

Risk ratio (95% CI) P value

Carriage of cefotaxime-resistant E. coli 13 (9·1%) 4

(3·1%)

2·95

(1·05 to 8·32)

0·040

Carriage of blaCTX-M-bearing E. coli 9 (6·3%) 2

(1·5%)

4·09

(1·02 to 16·4)

0·046

• CTX-M-15 was the most abundant type of CTX-M found both in E.coli

isolated from surfers and during the environmental surveillance of E. coli 

in coastal bathing waters in England and Wales. 

• 75% of surfers colonised by CTX-M-bearing were colonised by E. coli 

ST131

Leonard et al., Env International, in press.



From: Molecular relatedness of ESBL/AmpC-producing Escherichia coli from humans, animals, food and the 

environment: a pooled analysis
J Antimicrob Chemother. 2017;73(2):339-347. doi:10.1093/jac/dkx397

J Antimicrob Chemother | © The Author 2017. Published by Oxford University Press on behalf of the British Society for 

Antimicrobial Chemotherapy. All rights reserved. For Permissions, please email: journals.permissions@oup.com.



Summary

• Human and animal associated AMR bacteria are introduced into the 
environment where they mix with indigenous bacteria in the presence of 
antibiotic residues and other bio-active compounds.

• Levels of AMR are predictable at a river catchment scale.

• Evidence suggests selection for AMR occurs at environmental 
concentrations for SOME antibiotics.

• Humans are exposed to AMR bacteria in natural environments and new 
evidence suggests an association with increased risk of gut carriage.

• Colonisation is a known risk factor for infection.

• We do not know the contribution of acute environmental transmission to 
the overall burden of AMR infections in humans, but we do know mobile 
resistance genes acquired by previously susceptible human pathogens are 
likely to have evolved in environmental bacteria.



www.ecehh.org
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