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Why ? 



Switzerland: Antimicrobial Resistance (AMU)

We have a systematic 
surveillance system 

We know our problems, and sucesses by 
tracking changes in AMr prevalance in animals 

We have a plan for the future 



Switzerland: Antimicrobial Use (AMU)

ARCH-Vet Report 



Reduction in veterinary antibiotic use in high-
income countries. 

European Surveillance of  Veterinary Antimicrobial Consumption (ESVAC)



Are we getting to a point of  diminishing returns? 

Biosecurity, labor, reduced animals 
densities, increased surveillance, IT 
investments, diagnostics, etc…

Virtuous 
Antibiotic Use 



Monitoring system for 
antibiotic use in pigs 



Visiting a chicken farm 
in India



Less
CLEAN

Visiting a chicken farm 
in India



Source: The New York Times

One Pig farm in China         vs One Pig farm in China 






Source: The New York Times

One Pig farm in China         vs One Pig farm in China 



Antimicrobial Use in Animals – Global Trends 
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Version 1, 2010: Van Boeckel et al 2015, PNAS. 
Version 2, 2013: Van Boeckel et al 2017, Science. 
Version 3,  2017: Tiseo et al 2020, Antibiotics.
Version 4,  2020: Mulchandani et al 2023, PloS Global Public Health. 
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Why care ? 



Why care ? Travelers can import resistance   

30–70% of travelers to high-risk regions return colonized 
with ESBL-producing Enterobacterales, especially E. coli.



Why care ? Food Safety 



Antimicrobial Resistance in Animals in Low- and Middle-Income Countries

135 1
Surveillance

System
(public data)

In the short term, we need an alternative data source... 

Colombia Low- and middle-income countries 
(LMICs)





Point Prevalence Surveys (n=901)
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S. aureus Campylobacter Salmonella

Chicken Cattle Pigs

E. coli

Drug/Pathogens recommended by AGISAR
WHO Advisory Group on Integrated 
Surveillance of  Antimicrobial Resistance

Bacteria

Host

Drugs
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Global trends in AMR in using point prevalence surveys

2000-2018
+173%

2000-2018
+160%

19Van Boeckel & Pires et al. 2019. Global Trends in Antimicrobial Resistance in Animals in Low- and Middle-Income Countries. 

P50: proportion of  antimicrobials tested in a survey with resistance prevalence higher than 50%



resistance rates
n = 12,933

Point-Prevalence Surveys of  AMR in Animals

Surveys
n = 901

biological 
samples 

n = 285,000

20Van Boeckel & Pires et al. 2019. Global Trends in Antimicrobial Resistance in Animals in Low- and Middle-Income Countries. 

P50: proportion of  antimicrobials tested in a survey 
with resistance prevalence higher than 50%



Step 2 
Stacking with Universal Kriging 
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Resistance Nearby             + Resistance Here   = Covariates (risk factors): antimicrobial use, animal densities, temperature, travel time to cities,…
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𝐶𝐶𝐶𝐶𝐶𝐶2 = 𝑃𝑃𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁
𝐶𝐶𝐶𝐶𝐶𝐶3 = 𝑃𝑃𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅

Variogram

Covariates 

Step 1 
trend models 

Mapping hotspots of  resistance in animals

Spatial cross-validation 



Uruguay

Ethiopia

India

Mapping hotspots of  resistance in animals

Proportion of  drugs 
with resistance 
higher than 50%  

Van Boeckel* & Pires*, Science 2019. 



Open data 
resistancebank.org

Criscuolo, Van Boeckel et al. Scientific Data 2021.  resistancebank.org, an open-access repository for surveys of  antimicrobial resistance in animals
23
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Criscuolo, Van Boeckel et al. Scientific Data 2021.  resistancebank.org, an open-access repository for surveys of  antimicrobial resistance in animals
24

Nico Criscuolo





   Thank You - Merci
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