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Why AMR in Animals ? 

73%

2
Van Boeckel et al, 2017, Science. Reducing antimicrobial use in food animals



Antimicrobial Use in Animals – Global Trends 

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. 



Antimicrobial Use in Animals – Switzerland (2017) 

Countries reporting (n=41)



Antimicrobial Use in Animals - Meat Exports 

Countries that reported antimicorbial sales also exported a higher proportion of  their meat production (chicken) than countries that 
did not report antimicrobial sales. A notable exception was one of  the largest meat exporter the world: Brazil. 

Tiseo et al 2020, Antibiotics. 
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Antimicrobial Resistance in Animals
(low and middle-income countries)



Systematic Surveillance (NARMS, ESVAC, etc)
Publically available information 

Interventions

Systematic Surveillance 
nascent or absent : 1, 2, 5 years..?

Intervention guided by expert opinion. 

Rapid growth of  the livestock sector 

Problem: the AMR situation in LMICs if  not intuitive

Why a map of  AMR for low- and middle-income countries?  

High-Income countries Low- and Middle-Income Countriesvs

What we need : 
In the short term, we need an alternative to systematic surveillance for animals in LMICs. 

Low-Meat consumption
Low access to drugs à AMR levels are low

Unregulated Antimicrobial Use
Low Biosecutiry à AMR levels are high 





Point Prevalence Surveys of AMR in Animals

9

S. aureus Campylobacter Salmonella

Chicken Cattle Pigs

E. coli

Have been conducted for decades by veterinarians and represent a largely untapped source of information to
provide geographical perspective of the world’s AMR situation in animals.

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



Initial Search Results
(Pubmed, Scopus, Web of Science )

Africa
nhits = 5,749

Americas
nhits = 4,916

Asia
nhits = 18,472

Original Manuscripts Screened
nPPS = 1,515

Reviews

Meta-Analysis

Book chapters

Strain Surveys

PPS of Diseased Animals

PPS in resistancebank.org
nPPS = 1,148  & nrates = 24,127

PPS Suitable for Mapping
nPPS = 844 & nrates = 20,922

PPS Used for Mapping AGISAR Pathogens in 
Chickens, Cattle and Pigs 
nPPS = 821 ; nrates = 12,001

Disaggregated Data Unavailable

Geographic Data Unavailable

Request Clarifications (Authors)

Invalid AST Breakpoints

Small Species Sample Size 
(e.g., Sheep, Camels, etc.)

nemails = 363

nemails = 134

Drug/Pathogens Combinations not 
Included in AGISAR

Joao Pires

Cheng Zhao

Reshma Silvester

Julia Song



Data Harmonization 

Breakpoints ~ time + CLSI/EUCAST

Method bias? Breakpoint bias?

Diffusion

vs

Microdilution

1. Methods 2. Guidelines
3. Data 

Accuracy

Variations in accuracy of  susceptibility 
testing between labs and countries…

Country bias?



Method Bias?

Diffusion

vs

Microdilution

1. Methods

Literature: good agreement between methods
Bengtsson et al.; Al-Natour et al.; Jean, S.-S.

è No significant difference in resistance by 
methods for 99.42% of  data



Breakpoint bias?

Breakpoints ~ time + CLSI/EUCAST

2. Guidelines

Using MIC/mm distributions

https://mic.eucast.org/Eucast2/



Country bias?

3. Data 
Accuracy

Variations in accuracy of  susceptibility 
testing between labs and countries…

External Quality Assurance System (EQAS)

Participating laboratories receive strains to be identified and go through AST

Results are anonymous and available online

Salmonella
Campylobacter
Shigella (results used as a proxy for E. coli)



Number of  Surveys  vs Resources Available

15
Van Boeckel* & Pires*, Science 2019. Global trends in antimicrobial resistance in animals in low- and middle-income countries

“Many countries in Africa have more
surveys per capita than middle-income
countries in South America”. Some
context…



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

100 samples
Antimicrobial susceptibility testing on 9 drugs



Global Trends (P50)

2000-2018
+173%

2000-2018
+160%

Van Boeckel* & Pires*, Science 2019.



resistance rates
n = 12,933

Mapping Hotspots of  Antimicrobial Resistance in Animals

Surveys
n = 901

biological 
samples 

n = 285,000

Van Boeckel* & Pires*, Science 2019.



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, vegetation, etc…
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Variogram

Covariates 

Step 1 
trend models 

Geospatial mapping of AMR



Uruguay

Ethiopia

India

Hotspots of  Antimicrobial Resistance in Animals

Proportion of  drugs with 
resistance higher than 50%  

Van Boeckel* & Pires*, Science 2019.



Quinolones         Gentamicin
LMICs vs         20-60%.                5-38%
EU vs               60-64%.                2.4-8.9%
US.                  2.4-4.6%.               2-41%

AMR per Drug/Pathogens Combinations 

In LMICS, the highest resistance rates are 
associated with the most commonly used 
veterinary drugs
Tetracyclines, Sulfonamides, penicillin

In LMICs, medically important antimicrobials
Variations between animals species 
Ciprofloxacin & Erythromycin (20-60%)
3rd and 4th Gen. Cephalosporins (10-40%)
Gentamicin (5-38%)
Carbapenems (<5%)



Aquaculture

Source: FAO

Production volumes from cultured fish has overtaken wild fisheries, and is growing 
faster terrestrial livestock as a source of  animals protein.  



Aquaculture

Aeromonas salmonicida
furunculosis



Terrestrial Animals vs Aquaculture

90% 
Biomass 

Livestock 

90% 
Biomass 
Farmed 

Fish 

Salmon = 4%

= 3 species = 27 species



Aquaculture – Antimicrobial Use 

Dan Schar
(USAID Bangkok)

“We know that we know very little” 

146 Surveys 

2 surveys 

Most commonly farmed fish in the world (China)

Grass Carp
Ctenopharyngodon idella

Silver Carp
Hypophthalmichthys molitrixSchar et al 2020, Scientific Reports



Aquaculture – Antimicrobial Resistance in Asia 

Schar et al, Submitted

Captured

Cultured



resistancebank.org

Nico Criscuolo
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