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Surveillance helps 
understand drivers, 
reservoirs and pathways 
for the emergence and 
spread of resistant 
pathogens. 



Stage 1:  Track 
resistance/presumed drivers of 
resistance in different domains



Resistance has increased nearly three-fold in 
food animals between 2000 and 2018

Van Boeckel et al, Science 2019



Consumption of Antimicrobials



Stage 1:  Track resistance/presumed 
drivers of resistance in different domains

Stage 2:  Correlate resistance in different 
one health domains



Mean resistance rates in Escherichia coli isolated from hospital sewage 
samples compared with those urine and blood samples from the same 
hospital, Gothenburg, Sweden, 2016 (n = 2,007)



Stage 1:  Track resistance/presumed drivers 
of resistance in different domains

Stage 2:  Correlate resistance in different 
one health domains

Stage 3:  Build evidence on drivers of 
resistance between domains (correlation to 
causality)



Gram-negative bloodstream infections are associated 
with higher temperature

Eber et al Plos One, 2011



Antibiotic resistance increases with minimum temperature

McFadden et al, Nature Climate Change 2018



Climate change may be driving 
greater adaptability to higher 
temperatures among fungal 

pathogens



Candida 
auris



Stage 1:  Track resistance/presumed 
drivers of resistance in different domains

Stage 2:  Correlate resistance in different 
one health domains

Stage 3:  Build evidence on drivers of 
resistance between domains (correlation to 
causality)

Stage 4:  Design and test One Health 
interventions 



blaNDM-1 was found to be over 20 times greater in the Ganges 
River during pilgrimage season than at other times of year.

Ahammad et al, Env Sci Tech, March 2014



Early detection of NDM-1 and MCR-1 could 
have helped contain transmission
• When were they reported?  When did they likely emerge?
• Novel resistant strains represent entirely new pathogens – since 

effectively cannot treat them. 



Disease  Spread 
Diagram



Curtailed Spreading of 
Disease



New Delhi metallo beta-
lactamase spread



New Delhi metallo-β-lactamase (NDM-1) was first 
detected in a Klebsiella pneumoniae isolate in 
2008 from a Swedish patient of Indian origin

Two NDM-1-producing E. coli strains from 2006 
were retrospectively identified in stored clinical 
isolates from healthcare facilities in New Delhi, 
India via the SENTRY Antimicrobial Surveillance 
Program



Emergence of plasmid-mediated colistin resistance 
mechanism MCR-1



Plasmid-mediated Collistin Resistance



Presence of mcr-1 and colistin resistance 
in Escherichia coli of chicken origin during 1970–
2014

Indicates that 
trade of food 
animals and 
meat, as well as 
movement of 
colonized 
humans could 
have played a 
role in rapid 
dissemination.



InDepth Network Surveillance Site

But none of these is a One Health Surveillance Site



One Health 
Surveillance Site

• Catchment area covering 
agricultural, forest and urban land
• Catchment human population of 
60,000.  Domesticated animal and 
wildlife population being surveyed. 
• Survey planned for 20,000 by 
October 2021
• Longitudinal data on resistant 
pathogens in humans, animals and 
the environment along with 
markers of human, animal and 
environmental health 



Virus detection

• Workforce training and improved lab systems for bio-secure zoonotic 
disease detection 

• Testing animals for zoonotic disease threats
• Detecting known and novel viruses in various ecosystems
• Understanding of disease spillover and transmission dynamics, essential to 

the design and evaluation of mitigating interventions, and to informing 
policy by identifying barriers to change and acceptable alternatives.

• We need a new paradigm that is able to quickly identify spillovers as they 
happen without the need to enhance pathogens.  What does early 
identification of outbreaks look like? 
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