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NARMS and the Evolution of One Health Surveillance

Integrated surveillance of antimicrobial One Health surveillance of antimicrobial
resistance: Zoonotic foodborne bacteria resistance: Human, animal, plant environment
The coordinated sampling and testing of bacteria from food An integrated, unifying approach that recognizes that the health of humans,
animals, foods, and clinically ill humans; and the subsequent animals, plants, and our ecosystems are closely linked and inter-dependent.

evaluation of antimicrobial resistance trends throughout the
food production and supply chain using harmonized methods.

Attribution

Burden of

lliness

WHO Advisory Group on Integrated Surveillance of AMR (AGISAR) Food and Agriculture Organisation of the United Nations.
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GOAL 1: ENHANCE SAMPLING FOR FOODBORNE PATHOGENS WITHIN
A ONE HEALTH FRAMEWORK

* Objective 1.1: Add select pathogens causing illness in
o2

animals
THE NATIONAL * Objective 1.2: Establish baseline AMR data in aquatic
ANTIMICROBIAL
RESISTANCE ecosystems
E/IYOSB%IETSRING e Objective 1.3: Test animal feed and pet food
STRATEGIC PLAN * Objective 1.4: Add seafood and explore other possible

2021-2025 . . . .
sources of AMR (minor food-producing animal species,

produce, and wildlife)

* Objective 1.5: Explore AMR in other foodborne

microorganisms
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The Three Arms of NARMS - 2019

E TRV EELS

Food-Producing Animals

Centers for Disease Control and U.S. Food and Drug United States Department of

Prevention (CDC) Administration (FDA) Agriculture (USDA)
Health departments in 50 states Health departments in 15 states FECC) 3] an;jFISr:Ss)pectlon Service

Universities in 7 states Agricultural Research Service (ARS)

www.fda.gov
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The Three+ Arms of NARMS - 2021

. Food-Producing| Animal WGS Data
Retail Meats . .
Animals Pathogens Repository
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EMPLOY ADVANCED TECHNOLOGIES TO BETTER UNDERSTAND THE
EVOLUTION AND SPREAD OF RESISTANCE AMONG FOODBORNE
PATHOGENS

B o= =

THE NATIONAL
ANTIMICROBIAL
RESISTANCE
MONITORING
SYSTEM

STRATEGIC PLAN
2021-2025

www.fda.gov

Objective 2.1: Apply predictive resistance analytics, machine learning, and
other bioinformatics tools to NARMS-related data to better understand the
mechanisms, sources, and spread of resistance.

Objective 2.2: Optimize in vitro antimicrobial susceptibility testing to identify
new resistance mechanisms.

Objective 2.3: Develop metagenomic approaches to characterize the
resistome of animals, humans and environmental samples and to link
resistance genes to their microbial source.

Objective 2.4: Employ long-read DNA sequencing methods to establish a
reference database of fully characterized strains and their plasmids.

Objective 2.5: Conduct research to understand concomitant adaptive
microbial features that might contribute to the persistence and spread of

resistance (e.g., colonization, stress tolerance) under different selection
pressures (e.g., heavy metals, antiseptics, etc.).



NARMS Genomes with Susceptibility Data*
" Bactriom | Human | FP Animas | Reail Meats |_VDlabs | _Total

Salmonella 9,449 8,916 8,982 1,624 28,971
Campy 2,164 11,059 3,871 17,094
E. coli 566 4,314 4,569 1,690 11,139
Enterococcus 1,575 102 1,677
S. pseudintermedius 1,463 1,463
TOTAL 12,179 25,864 17,524 4,777 60,344

*As of November 24, 2021
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NARMS Genotype-Phenotype Correlations
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Pathways for horizontal gene transfer in bacteria Representalve PTU-C Plasids
revealed by a global map of their plasmids

HE— z wejed
IHE— | ulepeyq

Santiago Redondo-Salvo, Radl Fernandez-Lapez, Radl Ruiz, Luis Vielva, Maria de Toro, Eduardo P. C. a,

M. Pilar Garcillan-Barcia & Fernando de la Cruz

- H- 9 weped
I - g uieped

—= &~ ¢ ueped

FHH—II-H-— £ wiepedq

Nature Communications 11, Article number: 3602 (2020) ‘ Cite this article

Fig. 3: ANI, 5o similarity network of the bacterial plasmidome.

From: Pathways for horizontal gene transfer in bacteria revealed by a global map of their plasmids
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Similarity networks of the RefSeq84 prokaryotic plasmidome obtained using the ANI, 5, algorithm as described in Methods. Nodes, corresponding to i
plasmid genomes, are colored according to their cognate host taxonomy (a) or MOB class, as defined by MOBscan (b). Source data are provided as a |

Source Data file.

Source Data file.

Plasmid Taxonomic Units (PTUs)
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Taxonomic Differences between Less (R) and More (T)
Impacted Surface Water
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The Water Resistome: Comparison of Less (R) and
More Impacted (T) Surface Waters
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Outlook

The NARMS strategic direction is towards defining best practices in One Health national
antimicrobial resistance monitoring

Environmental testing has begun with pilot projects to explore surface waters as points
of confluence of AMR runoff from built human and agricultural environments.

The scope of NARMS surveillance is being evaluated with pilot surveys of other food
animals raised with antibiotics.

We are fully exploiting DNA sequencing technologies to get detailed information on
resistance and associated biological features and sharing data as soon as possible.

We are planning a public meeting in September 2022
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